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(57) ABSTRACT
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and a transistor whose semiconductor layer contains an oxide
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INTEGRATED CIRCUIT, METHOD FOR
DRIVING THE SAME, AND
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 14/257,050, filed Apr. 21, 2014, now U.S. Pat. No. 8,891,
286, issued Nov. 18, 2014, which is a continuation of U.S.
application Ser. No. 13/307,060, filed Nov. 30, 2011, now
U.S. Pat. No. 8,705,267, issued Apr. 22, 2014, which claims
the benefit of a foreign priority application filed in Japan as
Ser. No. 2010270534 on Dec. 3, 2010, all of which are incor-
porated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor circuit, an
integrated circuit including a plurality of semiconductor cir-
cuits, a method for driving the integrated circuit, and a semi-
conductor device including the integrated circuit.

2. Description of the Related Art

In recent years, the information society has been increas-
ingly developed, and the demand for higher speed, higher
capacity, smaller size, lighter weight, or the like of a personal
computer, a cellular phone, or the like has been increased. In
the tide of the times, a large-scale integrated circuit (large
scale integration (LSI)) and a central processing unit (CPU)
need higher integration, higher operation speed, and lower
power consumption.

An integrated circuit such as an LSI or a CPU is mounted
on a circuit board or a printed wiring board and is used as one
of the components of a variety of electronic devices.

An electronic device including an integrated circuit puts
importance not only on power consumption in an operating
period but also on power consumption in a standby period. In
particular, in a portable electronic device, power is supplied
from a battery, and the uptime is limited due to a limited
amount of power. Further, in an in-car electronic device, when
power consumption in a standby period is high, the lifetime of
a battery might be reduced. For example, in the case of an
electric car, leakage current of an in-car electronic device
shortens the travel distance per certain amount of charge.

In order to reduce power consumption of an integrated
circuit in a standby period, it is effective to turn off the power
in a state in which a semiconductor circuit included in the
integrated circuit does not perform computation. For
example, a method has been known by which a power breaker
is provided over the same chip as an integrated circuit and the
integrated circuit is selectively switched to a resting state by
the power breaker so that power consumption is reduced (see
Reference 1).

Note that in the case where the semiconductor circuit
included in the integrated circuit is volatile, when the power
of the integrated circuit is turned off, data which is being
processed in the semiconductor circuit is lost. As a method for
solving such a problem, a method has been disclosed in which
a memory circuit portion capable of retaining data even when
the power is off is provided separately from an integrated
circuit and the power is turned off after data is retained in the
memory circuit portion (see References 2 and 3). An inte-
grated circuit disclosed in Reference 2 retains data in a non-
volatile memory circuit portion when the integrated circuit is
in a resting state; thus, it is not necessary to supply power to
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the integrated circuit when the integrated circuit is in the
resting state, and power consumption can be reduced.

REFERENCE

Reference 1: United States Patent Application Publication
No. 2003/052730

Reference 2: PCT International Publication No. 2009/
107408

Reference 3: United States Patent Application Publication
No. 2004/105302

In order to retain data in an integrated circuit by the above
method, data stored in a sequential logic circuit (e.g., a flip-
flop (FF)) for retaining data in the integrated circuit is trans-
ferred to a nonvolatile memory circuit portion so that the data
is retained in the integrated circuit.

However, in the case of a huge integrated circuit or the like
including countless FFs, it is necessary to write a large
amount of data retained in the countless FFs to a memory
circuit portion. Thus, in the case where the memory circuit
portion is provided separately from the integrated circuit, a
large amount of data is transferred through a limited number
of'signal lines. Consequently, it takes time to write data from
the integrated circuit to the memory circuit portion, so that it
is impossible to switch the integrated circuit to a resting state
rapidly. As a result, it is impossible to rest the integrated
circuit frequently and the effect of reduction in power con-
sumption is decreased.

In addition, it takes time to read the data stored before the
rest from the memory circuit portion in a return period and to
store the data in each FF in the integrated circuit. Thus, it is
difficult to return the integrated circuit from the resting state
at high speed.

SUMMARY OF THE INVENTION

The present invention is made in view of the technical
background. Thus, it is an object of the present invention to
provide an integrated circuit which can be switched to a
resting state and can be returned from the resting state rapidly.
It is an object of the present invention to provide an integrated
circuit whose power consumption can be reduced without the
decrease in operation speed. It is an object of the present
invention to provide a method for driving the integrated cir-
cuit.

Thus, the inventors perform data retention in each FF
included in an integrated circuit. The FF is a sequential logic
circuit for retaining 1-bit data. Consequently, when data is
retained in each FF, even in the case of a huge integrated
circuit or the like including countless FFs, each of a plurality
of FFs may transfer data per bit, data in the countless FFs can
be transferred only in a transfer time of 1-bit data, and the
integrated circuit can be switched to a resting state rapidly.

Specifically, a FF (in this specification, referred to as a
nonvolatile FF) that stores the operation condition of a high-
speed FF (in this specification, referred to as a volatile FF) and
can retain data even when supply of power is stopped is
electrically connected to each volatile FF.

The high-speed volatile FF is used in an operating period,
and data is transferred from the volatile FF to the nonvolatile
FF in a standby period. Then, the integrated circuit is
switched to a resting state after the supply of power is
stopped. Since the nonvolatile FF is provided for each volatile
FF, the amount of data to be transferred is small and the data
can be transferred in a short time.

In a return period, the data in the volatile FF can be restored
by transfer of the 1-bit data in each FF; thus, computation can
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be restarted rapidly. In addition, output of the data from the
nonvolatile FF is controlled by a clock input and the nonvola-
tile FF is synchronized with the volatile FF; thus, data can be
transferred from the nonvolatile FF to the volatile FF cer-
tainly.

Further, transition from the operating state into the resting
state and return from the resting state to the operating state
can be performed rapidly; thus, transition into the resting state
can be performed frequently and power consumption can be
reduced.

One embodiment of the present invention is an integrated
circuit that includes a first flip-flop and a second flip-flop
including a nonvolatile memory circuit. In an operating state
in which power is supplied, the first flip-flop retains data. In a
resting state in which supply of power is stopped, the second
flip-flop retains data. On transition from the operating state
into the resting state, the data is transferred from the first
flip-flop to the second flip-flop. On return from the resting
state to the operating state, the data is transferred from the
second flip-flop to the first flip-flop.

One embodiment of the present invention is an integrated
circuit that includes a first flip-flop and a second flip-flop
including a nonvolatile memory circuit. Before a resting state
in which supply of power to the first flip-flop and the second
flip-flop is stopped, data retained in the first flip-flop is trans-
ferred to the second flip-flop. In the resting state, the data is
retained in the second flip-flop. After the resting state, the data
in the first flip-flop is restored by the second flip-flop.

One embodiment of the present invention is an integrated
circuit that includes a selection circuit to which output data
from the second flip-flop is input and which selectively out-
puts any one piece of the data input. Output data from the
selection circuit is input to the first flip-flop, and output data
from the first flip-flop is input to the second flip-flop.

According to the one embodiment of the present invention,
in the integrated circuit, a nonvolatile second flip-flop for
retaining data even in the resting state is provided for each
first flip-flop. Thus, on the transition into the resting state, a
large amount of data is not transferred through a limited
number of signal lines but may be transferred to the nonvola-
tile second flip-flop in each first flip-flop. Consequently, the
transfer of the data can be completed in a short time, and the
integrated circuit can be switched to the resting state rapidly.

When the integrated circuit can be switched to the resting
state rapidly, the integrated circuit can be switched to the
resting state frequently; thus, power consumption can be
reduced.

Further, in a normal operating period, a general first flip-
flop can be used; thus, there are a few limits on the material
that can be used, and a material with which a flip-flop can
operate at high speed can be selected, for example. Accord-
ingly, power consumption can be reduced without the
decrease in operation speed.

In one embodiment of the present invention, in an inte-
grated circuit, a second flip-flop includes a memory circuit
that includes a transistor including an oxide semiconductor in
a semiconductor layer and a storage capacitor, and an arith-
metic portion. In the memory circuit, output data from the first
flip-flop is input to a first electrode of the transistor including
an oxide semiconductor in the semiconductor layer; a second
electrode of the transistor including an oxide semiconductor
in the semiconductor layer is electrically connected to a first
electrode of the storage capacitor; a second electrode of the
storage capacitor is grounded; the first electrode of the stor-
age capacitor and the second electrode of the transistor
including an oxide semiconductor in the semiconductor layer
form a node. The arithmetic portion includes a logic circuit.
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The logic circuit includes a transistor whose gate electrode is
electrically connected to the node. The arithmetic portion
performs operation in accordance with data retained in the
node.

According to the one embodiment of the present invention,
the second flip-flop is a memory circuit including a transistor
where off-state current is reduced and an oxide semiconduc-
tor is used and the storage capacitor. Since data is retained in
the storage capacitor through the transistor whose off-state
current is reduced, it is possible to obtain a nonvolatile flip-
flop capable of retaining data even when supply of power is
stopped. With the nonvolatile flip-flop, the semiconductor
circuit can be switched to the resting state in a short time.
Thus, the semiconductor circuit can be switched to the resting
state frequently, and power consumption can be reduced.

One embodiment of the present invention is an integrated
circuit where a transistor including an oxide semiconductor in
a semiconductor layer, and a first flip-flop, an arithmetic
portion of a second flip-flop, or a storage capacitor of the
second flip-flop are stacked. Thus, even when the second
flip-flop including a memory circuit is provided in addition to
the first flip-flop, the integrated circuit can be highly inte-
grated without the increase in circuit area.

One embodiment of the present invention is a semiconduc-
tor device including the integrated circuit.

One embodiment of the present invention is a method for
driving an integrated circuit. In the method, a first flip-flop
stores first data in a first period; the first flip-flop outputs the
first data and a second flip-flop stores the first data in a second
period after the first period; supply of power to the integrated
circuit is stopped in a third period after the second period;
supply of power to the integrated circuit is returned and the
first data stored in the second flip-flop is output in a fourth
period after the third period; the first flip-flop stores the first
data in a fifth period after the fourth period; the first flip-flop
stores second data in a sixth period after the fifth period.

One embodiment of the present invention is a method for
driving an integrated circuit that includes a selection circuit to
which output data of a second flip-flop is input and which
selectively outputs any one piece of the data input. In the
method, first data is output from the selection circuit and a
first flip-flop stores the first data in a first period; the first
flip-flop outputs the first data and a second flip-flop stores the
first data in a second period after the first period; supply of
power to the integrated circuit is stopped in a third period after
the second period; supply of power to the integrated circuit is
returned and the first data stored in the second flip-flop is
output to the selection circuit in a fourth period after the third
period; the first data is output from the selection circuit to the
first flip-flop and the first flip-flop stores the first data in a fifth
period after the fourth period; second data is output from the
selection circuit in a sixth period after the fifth period.

In this specification, a logic circuit is a circuit that performs
logic operation, such as an AND circuit or a NOT circuit. A
logic circuit is also referred to as a logic operation circuit.
Further, in this specification, a circuit in which several logic
circuits are combined might be generally referred to as a logic
circuit.

In this specification, a flip-flop (FF) is a sequential logic
circuit that stores or outputs 1-bit input data in accordance
with a control signal. The FF can be formed by a combination
of several logic circuits.

In this specification, a semiconductor circuit is a circuit in
which a plurality of logic circuits, sequential logic circuits,
memory circuits, and the like are combined.

Further, in this specification, ordinal numbers such as
“first” and “second” are used for convenience and do not
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indicate a specific order such as the order of steps or the
stacking order of layers. The ordinal numbers do not indicate
specific names which specify the invention.

The term “voltage” generally means a difference between
potentials at two points (also referred to as a potential differ-
ence). However, levels of voltage and potentials are repre-
sented by volts (V) in a circuit diagram or the like in some
cases, so that it is difficult to distinguish them. Thus, in this
specification, a potential difference between a potential at one
point and a potential to be a reference (also referred to as a
reference potential) is used as voltage at the point in some
cases unless otherwise specified.

According to the present invention, it is possible to provide
an integrated circuit which can be switched to a resting state
and can be returned from the resting state rapidly. It is pos-
sible to provide an integrated circuit whose power consump-
tion can be reduced without the decrease in operation speed.
It is possible to provide a method for driving the integrated
circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 illustrates a semiconductor circuit in one embodi-
ment of the present invention;

FIG. 2 is a circuit diagram of a nonvolatile FF in one
embodiment of the present invention;

FIG. 3 is a circuit diagram of a volatile FF in one embodi-
ment of the present invention;

FIGS. 4A and 4B are timing charts illustrating the opera-
tion of a semiconductor circuit in one embodiment of the
present invention;

FIGS. 5A to 5C are a cross-sectional view, a top view, and
a circuit diagram of a semiconductor circuit in one embodi-
ment of the present invention;

FIGS. 6A to 6D illustrate a method for forming a semicon-
ductor circuit in one embodiment of the present invention;

FIGS. 7A to 7D illustrate the method for forming a semi-
conductor circuit in one embodiment of the present invention;

FIGS. 8A to 8D illustrate the method for forming a semi-
conductor circuit in one embodiment of the present invention;

FIGS. 9A to 9C illustrate the method for forming a semi-
conductor circuit in one embodiment of the present invention;
and

FIGS. 10A to 10F illustrate semiconductor devices in one
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments will be described in detail with reference to
the drawings. Note that the present invention is not limited to
the following description. It will be readily appreciated by
those skilled in the art that modes and details of the present
invention can be modified in various ways without departing
from the spirit and scope of the present invention. The present
invention therefore should not be construed as being limited
to the following description of the embodiments. Note that in
structures of the present invention described below, the same
portions or portions having similar functions are denoted by
the same reference numerals in different drawings, and
description thereof is not repeated.

(Embodiment 1)

In this embodiment, a semiconductor circuit used for an
integrated circuit in one embodiment of the present invention
is described. The integrated circuit in one embodiment of the
present invention includes a plurality of semiconductor cir-
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cuits described in this embodiment. FIG. 1 illustrates the
semiconductor circuit in this embodiment.

The semiconductor circuit illustrated in FIG. 1 includes a
nonvolatile FF 101, a volatile FF 103, a selection circuit 105,
an inverter circuit 107, and a NAND circuit 109. A first
control signal (OS-RD), a second control signal (OS-WE), a
clock signal (CLK), external input data (IN) are input to the
semiconductor circuit, and external output data (OUT) is
output from the semiconductor circuit.

The nonvolatile FF 101 includes an input terminal (D1), an
output terminal (Q1), and a clock input terminal (ck1). The
output terminal (Q1) of the nonvolatile FF 101 is electrically
connected to one input terminal of the selection circuit 105.
The input terminal (D1) of the nonvolatile FF 101 is electri-
cally connected to an output terminal (Q2) of the volatile FF
103. The second control signal (OS-WE) is input to the clock
input terminal (ck1) of the nonvolatile FF 101. The nonvola-
tile FF 101 stores data input to the input terminal (D1) when
an H-level signal is input to the clock input terminal (ck1) of
the nonvolatile FF 101. The nonvolatile FF 101 outputs stored
data from the output terminal (Q1) when an L-level signal is
input to the clock input terminal (ckl). The nonvolatile FF
101 is a FF that includes a memory circuit capable of retaining
data even when supply of power is stopped.

Note that an input terminal of a FF is a wiring to which data
stored in the FF is input, and an output terminal of the FF is a
wiring through which data is output from the FF. A clock
input terminal of the FF is a wiring to which a signal for
switching the operation of the FF from data storage to data
output or from data output to data storage is input.

The nonvolatile FF 101 may include a reset signal input
terminal. When a reset signal is input to the reset signal input
terminal, the internal state of the FF can be reset at given
timing that is not synchronized with a clock.

Specifically, a circuit used for the nonvolatile FF 101 can
be a circuit illustrated in FIG. 2. Note that the specific circuit
structure and operation of the nonvolatile FF are described in
detail in Embodiment 2.

The volatile FF 103 includes an input terminal (D2), an
output terminal (Q2), and a clock input terminal (ck2). The
output terminal (Q2) of the volatile FF 103 is electrically
connected to the input terminal (D1) of the nonvolatile FF 101
and an output terminal of the semiconductor circuit. The input
terminal (D2) of the volatile FF 103 is electrically connected
to an output terminal of the selection circuit 105. An output
signal of the NAND circuit 109 is input to the clock input
terminal (ck2) of the volatile FF 103. The volatile FF 103
stores data input to the input terminal (D2) when an L-level
signal is input to the clock input terminal (ck2) of the volatile
FF 103. The volatile FF 103 outputs stored data from the
output terminal (Q2) when an H-level signal is input to the
clock input terminal.

The volatile FF 103 is a circuit that is driven at the time
when the semiconductor circuit normally operates. Thus, a
circuit that can be driven at high speed is preferable. The
volatile FF 103 can be, for example, a circuit illustrated in
FIG. 3.

The volatile FF 103 illustrated in FIG. 3 includes a fifth
inverter circuit 301, a first analog switch 303, a second analog
switch 309, a first latch circuit 320, and a second latch circuit
330.

The first latch circuit 320 includes a first inverter circuit
305 and a second inverter circuit 307. An input terminal of the
first latch circuit 320 is electrically connected to the first
analog switch 303. An output terminal of the first latch circuit
320 is electrically connected to the second analog switch 309.
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Data input to the first latch circuit 320 is inverted by the first
inverter circuit 305 and then is output to the second analog
switch 309. At the same time, the data inverted by the first
inverter circuit 305 is also input to the second inverter circuit
307 and is inverted by the second inverter circuit 307 again to
have the same value as the original value. The data inverted by
the second inverter circuit 307 is input to the first inverter
circuit 305 again, and similar operation is repeated. When
data input is fed back in this manner, the first latch circuit 320
retains data stored in a period during which power is supplied.
Note that a state in which the first analog switch 303 is on, the
second analog switch 309 is off, and data is retained in the first
latch circuit 320 as described above is referred to as a state in
which data is stored in a volatile FF.

The second latch circuit 330 includes a third inverter circuit
311 and a fourth inverter circuit 313. An input terminal of the
second latch circuit 330 is electrically connected to the sec-
ond analog switch 309. An output terminal of the second latch
circuit 330 is electrically connected to the output terminal
(Q2). The second latch circuit 330 retains data with a structure
and operation that are similar to those of the first latch circuit
320. When the first analog switch 303 is turned off and the
second analog switch 309 is turned on, the first latch circuit
320, the second latch circuit 330, and the output terminal of
the volatile FF 103 are brought into conduction. A state in
which the volatile FF 103 outputs data in this manner is
referred to as a state in which a volatile FF outputs data.

The volatile FF 103 stores and outputs data in accordance
with a signal input from the clock input terminal (ck2). When
an L-level signal is input to the clock input terminal (ck2), an
H-level signal which is inverted by the fifth inverter circuit
301 is input to a control terminal of the first analog switch
303, so that the first analog switch 303 is turned on. Note that
an analog switch includes a first terminal, a second terminal,
and a control terminal. When a signal input to the control
terminal is an H-level signal, the analog switch is turned on so
that current flows from the first terminal to the second termi-
nal. When a signal input to the control terminal is an [-level
signal, the analog switch is turned off so that the flow of
current from the first terminal to the second terminal is inter-
rupted. An H-level signal is input to the second analog switch
309, so that the second analog switch 309 is turned off. Thus,
data input from the input terminal (D2) is retained in the first
latch circuit 320.

Then, when an H-level signal is input to the clock input
terminal (ck2), the first analog switch 303 is turned off and the
second analog switch 309 is turned on. Thus, data retained in
the first latch circuit 320 is input to and retained in the second
latch circuit 330 and is output to the output terminal (Q2).

In the volatile FF 103, only a volatile logic circuit retains
data; thus, the data is lost when supply of power is stopped.
Note that a volatile FF used in the present invention is not
limited to the circuit illustrated in FIG. 3. A circuit with a
different structure may be used as long as it operates as a FF.

Note that a clock signal is a signal that alternates between
an H level (also referred to as an H-level signal or a high
power supply potential level) and an L level (also referred to
as an [-level signal or a low power supply potential level) at
regular intervals. In a flip-flop, a clock signal is a signal input
from a clock input terminal and serves as a control signal for
switching the operation of the flip-flop from data storage to
data output.

The volatile FF 103 may include a reset signal input ter-
minal as in the nonvolatile FF 101.

The selection circuit 105 illustrated in FIG. 1 includes two
input terminals. Output data from the nonvolatile FF 101 is
input to one of the input terminals. External input data (IN) is
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input to the other of the input terminals. The selection circuit
105 includes one output terminal. The output terminal of the
selection circuit 105 is electrically connected to the input
terminal (D2) of the volatile FF 103. The selection circuit 105
is a circuit for selecting data to be input to the volatile FF 103.
One of two pieces of data input to the two input terminals of
the selection circuit 105 is output from the output terminal of
the selection circuit 105. Which data to output from the selec-
tion circuit 105 is controlled by the first control signal (OS-
RD). When an H-level signal is input as the first control
signal, the selection circuit 105 outputs the output data from
the nonvolatile FF 101. When an L-level signal is input, the
selection circuit 105 outputs the external input data (IN).

The second control signal (OS-WE) is input to an input
terminal of the inverter circuit 107. An output terminal of the
inverter circuit 107 is electrically connected to one input
terminal of the NAND circuit 109. The clock signal (CLK) is
input to the other input terminal of the NAND circuit 109. An
output terminal of the NAND circuit 109 is electrically con-
nected to the clock input terminal (ck2) of the volatile FF 103.
Thus, when the second control signal (OS-WE) is an L-level
signal, an inversion signal of the clock signal (CLK) is input
to the clock input terminal of the volatile FF 103. When the
second control signal (OS-WE) is an H-level signal, an
H-level signal is always input to the clock input terminal of
the volatile FF 103 regardless of the level of the clock signal
(CLK).

Then, a method for operating the semiconductor circuit in
this embodiment is described with reference to timing charts
in FIGS. 4A and 4B. Note that for simple description, an L.
level is 0 V; however, this embodiment is not limited thereto.

Inthe timing charts in FIGS. 4A and 4B, VDD is the power
of'a semiconductor circuit. When the power of the semicon-
ductor circuit is turned on, power is supplied to a logic circuit
in the semiconductor circuit; thus, the volatile FF 103 can
store and output data. However, when the power of the semi-
conductor circuit is turned off and supply of power to the logic
circuit is stopped, data storage and data output are also
stopped, so that the data stored is lost. Note that the nonvola-
tile FF 101 in this embodiment can retain data even when
supply of power and the operation of the logic circuit are
stopped.

In the timing charts in FIGS. 4A and 4B, FF (D2) indicates
data stored in the volatile FF 103, and FF (Q2) indicates data
output from the volatile FF 103. In addition, OS-FF (D1)
indicates data stored in the nonvolatile FF 101, and OS-FF
(Q1) indicates data output from the nonvolatile FF 101.

The timing chart in FIG. 4A shows a period a during which
the power is turned on so that the semiconductor circuit is
started, a period b during which the volatile FF 103 operates
normally, a period ¢ during which data in the volatile FF 103
is transferred to and stored in the nonvolatile FF 101 on
transition into a resting state, and a period d during which the
power of the semiconductor circuit is turned off so that the
semiconductor circuit is switched to the resting state.

The timing chart in FIG. 4B shows a period a during which
the power is turned on so that the semiconductor circuit is
started on return from the resting state of the semiconductor
circuit, a period b during which data stored in the nonvolatile
FF is transferred to the volatile FF and the volatile FF restores
the data stored before the rest, and a period ¢ during which the
volatile FF operates normally again.

In the semiconductor circuit in this embodiment, the exter-
nal input data (IN) is input to the volatile FF 103 in a normal
operating period, the volatile FF stores the external input data
(IN), and the data stored in the volatile FF 103 is output as the
external output data (OUT).
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First, initial operation up until the start of the semiconduc-
tor circuit is described. As illustrated in the period a in FIG.
4 A, the power VDD of the semiconductor circuit is turned on.

Atthis time, the clock signal (CLK) is also input; however,
even when the clock signal (CLK) is input, the volatile FF 103
performs neither data storage nor data output until the semi-
conductor circuit is completely started. The internal state of
the volatile FF 103 at this time is indeterminate (Z). In the
case where the volatile FF includes a reset signal input termi-
nal, a reset signal may be input at this timing so that the
internal state of the volatile FF is determined.

The semiconductor circuit starts to operate after the power
VDD is completely turned on. In a first period (the period b in
FIG. 4A), the volatile FF 103 operates normally in accor-
dance with the clock signal (CLK). At this time, since the first
control signal (OS-RD) remains at the L level, the external
input data (IN) is output from the selection circuit 105 to the
input terminal (D2) of the volatile FF 103. At this time, when
the clock signal (CLK) becomes an H level, the volatile FF
103 stores the external input data (IN), and when the clock
signal (CLK) becomes an . level, the volatile FF 103 outputs
the data stored.

At this time, the data output is extracted as the external
output data (OUT) of the semiconductor circuit and is output
to the input terminal (D1) ofthe nonvolatile FF 101. However,
since the second control signal (OS-WE) remains at the L.
level, the data input to the input terminal (D1) of the nonvola-
tile FF is not stored in the nonvolatile FF 101, and the internal
state of the nonvolatile FF 101 remains indeterminate.

A second period (the period ¢ in FIG. 4A) following the
first period is a period during which the data is transferred
from the volatile FF 103 to the nonvolatile FF 101 in order that
the semiconductor circuit be switched to the resting state.

In the second period, first, an H-level signal is input as the
second control signal (OS-WE). When the H-level signal is
input as the second control signal (OS-WE), H-level signals
are input to the clock input terminal (ck1) of the nonvolatile
FF 101 and the clock input terminal (ck2) of the volatile FF
103.

When the H-level signal is input to the clock input terminal
(ck2) of the volatile FF 103, the volatile FF 103 outputs the
data stored.

When the H-level signal is input to the clock input terminal
(ck1) of the nonvolatile FF 101, the nonvolatile FF 101 stores
data input to the input terminal (D1). At this time, the data
input to the input terminal (D1) of the nonvolatile FF 101 is
data output from the volatile FF 103 in accordance with the
second control signal (OS-WE). Thus, the nonvolatile FF 101
stores data which was output from the volatile FF 103 just
before the H-level signal is input to the clock input terminal
(ck1).

The data can be transferred from the volatile FF 103 to the
nonvolatile FF 101 at high speed. This is because the data
retained in the FF is 1-bit data and the transfer of the data is
completed in an extremely short time.

In a third period (the period d in FIG. 4A) following the
second period, the power of the semiconductor circuit is
turned off. Here, the description “the power of the semicon-
ductor circuit is turned off”” means that supply of power to the
logic circuit in the semiconductor circuit and supply of all the
signals and data that are input to the semiconductor circuit are
stopped.

Atthis time, the second control signal (OS-WE) is changed
from an H level into an L. level (0 V); thus, the nonvolatile FF
101 starts to output the data stored. Note that at the same time,
the power of the semiconductor circuit is turned off and
supply of power to the logic circuit in the nonvolatile FF 101
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is stopped. Thus, as illustrated in the period d in FIG. 4A, the
operation of the nonvolatile FF 101 is switched, OS-FF (Q1)
becomes an H level, and then, supply of power is stopped and
output of data from the nonvolatile FF is stopped. Note that
actually, since the operation of the nonvolatile FF 101 is
switched from data storage to data output and the supply of
power is stopped in a short time, data is not output from the
nonvolatile FF 101. However, in the period d in FIG. 4A, the
supply of power is stopped after OS-FF (Q1) becomes an H
level in order to clearly show that the operation of the non-
volatile FF 101 is switched.

In the period d in FIG. 4A, since supply of power to the
logic circuit included in the semiconductor circuit is stopped,
the operation of the logic circuit is stopped. Thus, data (FF
(D2)) stored in the volatile FF 103 is lost. However, since the
nonvolatile FF 101 can retain data even when supply of power
is stopped, data (OS-FF (D1)) stored in the nonvolatile FF 101
is continuously retained.

The data retained in the nonvolatile FF 101 at this time is
the data which is output just before the volatile FF 103 is
switched to the resting state.

Through the above steps, the semiconductor circuit trans-
fers data output from the volatile FF to the nonvolatile FF on
transition into a resting state, and the nonvolatile FF retains
the data in a period during which supply of power is stopped;
thus, the semiconductor circuit can be switched to the resting
state while the data is continuously retained. Further, data
transfer is performed in each FF; thus, the transition into the
resting state can be performed at high speed.

In a fourth period (the period a in FIG. 4B) following the
third period, in order to return the semiconductor circuit from
the resting state, the power of the semiconductor circuit is
turned on again so that the operation of the semiconductor
circuit is restarted. At this time, the nonvolatile FF 101 retains
data which is output just before the transition of the FF 103
into the resting state.

When the semiconductor circuit is started and the logic
circuit in the semiconductor circuit starts to operate, data
stored in the nonvolatile FF 101 is output to the selection
circuit 105.

In a fifth period (the period b in FIG. 4B) following the
fourth period, the selection circuit 105 outputs the data to the
volatile FF 103 and the volatile FF 103 stores the data. In the
fifth period, first, an H-level signal is input as the first control
signal (OS-RD). When the H-level signal is input as the first
control signal (OS-RD), the selection circuit 105 outputs data
input from the nonvolatile FF 101.

Next, the clock signal (CLK) is input. The clock signal
(CLK) is input to the one input terminal of the NAND circuit
109. At this time, a signal obtained by inversion of the second
control signal (OS-WE) by the inverter circuit 107, i.e., an
H-level signal is input to the other input terminal of the
NAND circuit 109. Thus, an inversion signal of the clock
signal (CLK) is output from the output terminal of the NAND
circuit 109. Data output from the NAND circuit is input to the
clock input terminal (ck2) of the volatile FF 103, and the
volatile FF 103 stores and outputs the data.

When the clock signal (CLK) becomes an H level, the
volatile FF 103 stores data input to the input terminal (D2). At
this time, the data input to the input terminal (D2) of the
volatile FF 103 is data output from the nonvolatile FF 101
through the selection circuit 105.

The data output from the nonvolatile FF 101 is the data
transferred from the volatile FF 103 on the transition into the
resting state. In other words, here, the volatile FF 103 stores
data which is retained just before the transition into the resting
state and the data is restored to a state before the resting state.
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In a sixth period (the period ¢ in FIG. 4B) following the
fifth period, the external input data (IN) is input from the
selection circuit 105 to the volatile FF 103 so that the normal
operation of the semiconductor circuit is restarted.

In the sixth period, first, an [.-level signal is input as the first
control signal (OS-RD). When the L-level signal is input as
the first control signal (OS-RD), the selection circuit 105
outputs the external input data (IN).

Thus, the external input data (IN) is input to the input
terminal of the volatile FF 103, and the external output data
(OUT) is output in accordance with a signal input to the clock
input terminal (ck2).

As described above, in the semiconductor circuit in this
embodiment, data storage and data output are performed
using a volatile FF capable of being driven at high speed in a
normal operating period, the power is turned off after data
stored in the volatile FF is transferred to a nonvolatile FF on
transition into a resting state, and the data is retained in the
nonvolatile FF while supply of power is stopped. Further, on
return from the resting state, by transfer of the data retained in
the nonvolatile FF to the volatile FF, normal operation is
performed after the state ofthe volatile FF is restored to a state
before the transition into the resting state.

An integrated circuit in the present invention is an inte-
grated circuit including a plurality of the semiconductor cir-
cuits. For example, the integrated circuit in the present inven-
tion includes a register in which a plurality of the
semiconductor circuits in this embodiment are arranged to
retain data, a memory in which the semiconductor circuits are
stacked as basic components, or the like. Data may be trans-
ferred in each FF on transition into a resting state when a
plurality of the semiconductor circuits perform the above
operation. Data transfer can be completed in a short time, and
transition into the resting state can be performed rapidly.

With the use of the semiconductor circuit in this embodi-
ment, it is possible to provide an integrated circuit which can
be switched to a resting state and can be returned from the
resting state rapidly. It is possible to provide an integrated
circuit whose power consumption can be reduced without the
decrease in operation speed. It is possible to provide a method
for driving the integrated circuit.

This embodiment can be combined with any of the other
embodiments.

(Embodiment 2)

In this embodiment, the circuit structure of the nonvolatile
FF in Embodiment 1 is described. FIG. 2 illustrates an
example of the circuit structure of the nonvolatile FF.

The nonvolatile FF includes a memory circuit and an arith-
metic portion. A nonvolatile FF 200 illustrated in FIG. 2
includes a transistor 219 including an oxide semiconductor in
a semiconductor layer and a storage capacitor 221 as the
memory circuit, and a first inverter circuit 203, a second
inverter circuit 209, a first analog switch 211, a second analog
switch 213, a first latch circuit 220, and a second latch circuit
230 as the arithmetic portion.

The transistor 219 has a gate electrode, a first electrode, and
a second electrode, and includes an oxide semiconductor in
the semiconductor layer. A channel formation region of the
transistor 219 includes a highly purified oxide semiconduc-
tor; thus, the transistor 219 has extremely low off-state cur-
rent.

The gate electrode of the transistor 219 is electrically con-
nected to the clock input terminal (ck1) of the nonvolatile FF
200, and the second control signal (OS-WE) is input to the
gate electrode of the transistor 219. The first electrode of the
transistor 219 is electrically connected to the first analog
switch 211. The second electrode of the transistor 219 is
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electrically connected to a first electrode of the storage
capacitor 221 and an input terminal of the first inverter circuit
203.

The storage capacitor 221 has the first electrode and a
second electrode. The first electrode of the storage capacitor
221 is electrically connected to the second electrode of the
transistor 219 and the input terminal of the first inverter circuit
203. The second electrode of the storage capacitor 221 is
grounded.

The second electrode of the transistor 219 including an
oxide semiconductor in the semiconductor layer and the first
electrode of the storage capacitor 221 form a node in which
electrical charge is stored.

The first inverter circuit 203 includes a transistor whose
gate electrode is electrically connected to the node. When the
gate electrode of the transistor, the second electrode of the
transistor 219 including an oxide semiconductor in the semi-
conductor layer, and the first electrode of the storage capaci-
tor 221 form the node, it is possible to store electrical charge
in the storage capacitor 221 even when supply of power is
stopped. An output terminal of the first inverter circuit 203 is
electrically connected to an input terminal of the first latch
circuit 220.

Note that the transistor included in the first inverter circuit
203 does not need to include an oxide semiconductor in a
semiconductor layer. In the nonvolatile FF 200, transistors
other than the transistor 219 do not affect data retention; thus,
transistors formed using silicon or the like that can be driven
at high speed are preferably used.

The first latch circuit 220 includes a third inverter circuit
205 and a NAND circuit 215. An input terminal of the first
latch circuit 220 is electrically connected to the output termi-
nal of'the first inverter circuit 203. An output terminal of the
first latch circuit 220 is electrically connected to the second
analog switch 213. The third inverter circuit 205 is a clocked
inverter circuit which operates in accordance with a signal
from the clock input terminal (ckl). Thus, the first latch
circuit operates in synchronization with a clock signal, so that
data can be input and output more accurately. Note that as the
third inverter circuit 205, a normal inverter circuit which does
not have a function of synchronization with a clock signal can
be used.

The second latch circuit 230 includes a fourth inverter
circuit 207 and a NAND circuit 217. An input terminal of the
second latch circuit 230 is electrically connected to the sec-
ond analog switch 213. An output terminal of the second latch
circuit 230 is electrically connected to an input terminal of the
second inverter circuit 209. The NAND circuit 217 is a
clocked NAND circuit.

The nonvolatile FF 200 in this embodiment further
includes a reset input terminal (reset). One input terminal of
the NAND circuit 215 and one input terminal of the NAND
circuit 217 are electrically connected to the reset input termi-
nal (reset) of the nonvolatile FF 200, and a reset signal (RE-
SET) is input to the first latch circuit 220 and the second latch
circuit 230. When an L-level signal is input as the reset signal
(RESET), data retained in the latch circuits can be rewritten.
Thus, data in the nonvolatile FF 200 can be reset at given
timing independently of the timing of a clock.

Note that an H-level signal is input as the reset signal
(RESET) in a period other than a period during which data is
reset. While an H-level signal is input as the reset signal, each
of the NAND circuit 215 and the NAND circuit 217 inverts
data input to the other input terminal and outputs the data
inverted.

Data input to the first latch circuit 220 is inverted by the
NAND circuit 215 and then is output to the second analog
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switch 213. At the same time, the data inverted by the NAND
circuit 215 is also input to the third inverter circuit 205 and is
inverted by the third inverter circuit 205 again to have the
same value as the original value. The data inverted by the third
inverter circuit 205 is input to the NAND circuit 215 again,
and similar operation is repeated. When data input is fed back
in the first latch circuit 220 in this manner, the first latch
circuit 220 retains data. The second latch circuit retains data
similarly.

An input terminal of the second inverter circuit 209 is
electrically connected to the output terminal of the second
latch circuit 230. The output terminal of the second inverter
circuit 209 is electrically connected to the output terminal
(Q1) and outputs output data (out).

The first analog switch 211 and the second analog switch
213 each include a first terminal, a second terminal, and a
control terminal. When a signal input to the control terminal
is an H-level signal, each of the first analog switch 211 and the
second analog switch 213 is turned on so that current flows
from the first terminal to the second terminal. When a signal
input to the control terminal is an L-level signal, each of the
first analog switch 211 and the second analog switch 213 is
turned off so that the flow of current from the first terminal to
the second terminal is interrupted. The first terminal of the
first analog switch 211 is electrically connected to the input
terminal (D1), and input data (in) is input to the first terminal
of'the first analog switch 211. The second terminal of'the first
analog switch 211 is electrically connected to the first elec-
trode of the transistor 219 including an oxide semiconductor
in the semiconductor layer. The control terminal of the first
analog switch 211 is electrically connected to the clock input
terminal (CLK), and the second control signal (OS-WE) is
input to the control terminal of the first analog switch 211.
The first terminal of the second analog switch 213 is electri-
cally connected to the output terminal of the first latch circuit
220. The second terminal of the second analog switch 213 is
electrically connected to the input terminal of the second
latch circuit 230. The control terminal of the second analog
switch 213 is electrically connected to a fifth inverter circuit
201.

The fifth inverter circuit 201 is electrically connected to the
clock input terminal (ck1), and the second control signal
(OS-WE) is input to the fifth inverter circuit 201. The second
control signal (OS-WE) is inverted by the fifth inverter circuit
201, and then is input to the second analog switch 213 and the
NAND circuit 217.

The first analog switch 211 and the second analog switch
213 are turned on or off in accordance with the second control
signal (OS-WE). Specifically, when the second control signal
(OS-WE) is an H-level signal, an H-level signal is input to the
first analog switch 211, so that the first analog switch 211 is
turned on. At this time, an L-level signal which is inverted by
the fifth inverter circuit 201 is input to the second analog
switch 213, so that the second analog switch 213 is turned off.
In contrast, when the second control signal is an L-level
signal, the first analog switch 211 is turned off and the second
analog switch 213 is turned on. Since opposite signals are
always input to the first analog switch 211 and the second
analog switch 213, when one of the analog switches is on, the
other of the analog switches is inevitably off, that is, both of
the analog switches are not on at the same time.

Next, the following successive operation is described: data
is stored in the nonvolatile FF 200 (the period ¢ in FIG. 4A),
the data is retained even when supply of power is stopped (the
period d in FIG. 4A), the power is turned on again (the period
ain FIG. 4B), and the data is output (the period b in FIG. 4B).
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First, a method for storing data in the nonvolatile FF 200 is
described. Note that in this embodiment, the data described in
Embodiment 1 is input and output as the input data (in) and
the output data (out), and detailed description thereof'is omit-
ted.

When data is stored in the nonvolatile FF 200, first, an
H-level signal is input as the second control signal (OS-WE)
(the period ¢ in FIG. 4A). When the H-level signal is input as
the second control signal (OS-WE), an L-level signal inverted
by the fitth inverter circuit 201 is input to the second analog
switch 213. When the L-level signal is input, the second
analog switch 213 is turned off, and data is not input to the
second latch circuit 230. In contrast, an H-level signal is input
to the first analog switch 211, so that the first analog switch
211 is turned on.

At the same time, the H-level signal is input to the gate
electrode of the transistor 219. The transistor 219 includes an
oxide semiconductor in the semiconductor layer and is an
n-channel transistor. Thus, at this time, the transistor 219 is
turned on, and the input data (in) passing through the first
analog switch 211 is input to the storage capacitor 221 and the
first inverter circuit 203 through the transistor 219.

After the input data is input to the storage capacitor 221, the
input data (in) is retained.

When the data is input to the first inverter circuit 203, the
data input is inverted and output to the first latch circuit 220.

The data input to the first latch circuit 220 is inverted by the
NAND circuit 215 and then is output to the second analog
switch 213. However, since the second analog switch 213 is
offat this time, data is not input to the second latch circuit 230.

At the same time, the data inverted by the NAND circuit
215 is also input to the third inverter circuit 205 and is inverted
by the third inverter circuit 205 again to have the same value
as the original value. The data inverted by the third inverter
circuit 205 is input to the NAND circuit 215 again, and similar
operation is repeated. When data input is fed back in the first
latch circuit 220 in this manner, the first latch circuit 220
retains data.

Note that a state in which the first analog switch 211 is on,
the second analog switch 213 is off, and data is retained in the
first latch circuit as described above is referred to as a state in
which data is stored in a nonvolatile FF.

In contrast, a state in which the first analog switch 211 is
off, the second analog switch 213 is on, the first latch circuit
220, the second latch circuit 230, the second inverter circuit
209, and the output terminal (Q1) of the nonvolatile FF 200
are brought into conduction, and the nonvolatile FF 200 out-
puts a signal is referred to as a state in which a nonvolatile FF
outputs data.

Next, an L-level signal is input as the second control signal
(OS-WE) (the period d in FIG. 4A). When the [-level signal
is input as the second control signal, the first analog switch
211 and the transistor 219 are turned off. After the transistor
219 is turned off, the node formed by the second electrode of
the transistor and the first electrode of the storage capacitor
and the gate electrode of the transistor that serves as the input
terminal of the first inverter circuit 203 enter into an electri-
cally insulated floating state.

The off-state current of the transistor 219 including an
oxide semiconductor in the semiconductor layer is lower than
or equal to one hundred thousandth of the off-state current of
a transistor including a silicon semiconductor or the like;
thus, loss of electrical charge accumulated in the node due to
the leakage current of the transistor 219 is negligibly-small.
In other words, electrical charge accumulated in the storage
capacitor 221 is not lost with the use of the transistor 219
including an oxide semiconductor in the semiconductor layer,
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so that it is possible to obtain a nonvolatile FF which can hold
a signal without supply of power.

For example, when the off-state current of the transistor
219 at room temperature is 10 zA (1 zA (zeptoampere) is
1x1072! A) or lower and the capacitance value of the storage
capacitor 221 is approximately 10 fF, data can be retained for
atleast 10* s or longer. Note that needless to say, the retention
time varies depending on transistor characteristics and the
capacitance value.

Since the electrical charge is stored in the floating node in
this manner, even when the power of the semiconductor cir-
cuitis turned off, the nonvolatile FF 200 can retain data. Thus,
at this time, the power of the semiconductor circuit is turned
off.

At this time, an H-level signal is input to the control termi-
nal of the second analog switch 213 and the second analog
switch 213 is turned on, so that the first latch circuit 220 and
the second latch circuit 230 are brought into conduction.
However, since supply of power to the logic circuit is stopped,
the data retained in the first latch circuit 220 is not input to the
second latch circuit 230. Further, the data retained in the first
latch circuit 220 is damaged by leakage current of the NAND
circuit 215 and the third inverter circuit 205 that are included
in the first latch circuit 220; thus, the data retained in the first
latch circuit 220 is lost.

Then, output operation of data stored in the nonvolatile FF
200 is described.

The power of the semiconductor circuit is turned on again,
and supply of power to the logic circuit in the nonvolatile FF
200 is restarted (the period a in FIG. 4B).

When power is supplied to the logic circuit, the logic circuit
in the nonvolatile FF 200 starts to operate. At this time, the
second control signal (OS-WE) remains at the L level; thus,
the first analog switch is off and input data is not input.

Thus, data retained in the storage capacitor 221 is input to
the first inverter circuit 203. Since the storage capacitor 221
retains the input data (in) even when the power is off, the data
input to the first inverter circuit 203 at this time is data which
is equivalent to the input data (in) stored before transition into
a resting state.

The data inverted by the first inverter circuit 203 is input to
the first latch circuit 220, is inverted by the NAND circuit 215
in the first latch circuit 220, and is output.

Since the second analog switch 213 is on at this time, data
is output from the first latch circuit 220 to the second latch
circuit 230. After the data is inverted by the second latch
circuit 230, the data is inverted by the second inverter circuit
209 and is output from the output terminal of the nonvolatile
FF 200.

The output data (out) output from the nonvolatile FF 200 is
input data that is input to the nonvolatile FF and is inverted
four times in all by the first inverter circuit 203, the first latch
circuit 220, the second latch circuit 230, and the second
inverter circuit 209. Thus, the output data (out) is equivalent
to the input data (in) input to the nonvolatile FF 200.

The above is amethod for storing input data in a nonvolatile
FF, retaining the input data even when supply of power is
stopped, and outputting output data which is equivalent to the
input data when the power is turned on again.

Note that in this embodiment, the memory portion of the
nonvolatile FF is a combination of the transistor including an
oxide semiconductor in the semiconductor layer and the stor-
age capacitor; however, a memory circuit of a nonvolatile FF
in the present invention is not limited thereto. An element that
serves as a nonvolatile memory, such as an electrically pro-
grammable read only memory (EPROM), an electrically
erasable and programmable read only memory (EEPROM), a
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floating gate, a ferroelectric random access memory (Fe-
RAM), amagnetoresistive random access memory (MRAM),
a phase-change random access memory (PRAM), a resis-
tance random access memory (ReRAM), or an atom switch,
may be used.

By formation of a nonvolatile FF capable of retaining data
even when supply of power is stopped in each volatile FF, it is
possible to provide a semiconductor circuit whose power
consumption is reduced because data transfer on transition
into a resting state and data restoration on return from the
resting state are completed in a short time and the transition
into the resting state can be performed frequently.

With the use of the nonvolatile FF in this embodiment in the
semiconductor circuit in Embodiment 1, it is possible to
provide an integrated circuit which can be switched to a
resting state rapidly. It is possible to provide a semiconductor
circuit whose power consumption can be reduced without the
decrease in operation speed by return from a resting state in a
short time. It is possible to provide a method for driving the
integrated circuit.

This embodiment can be combined with any of the other
embodiments.

(Embodiment 3)

In this embodiment, a structure and a manufacturing
method of an integrated circuit in one embodiment of the
present invention are described with reference to FIGS. 5A to
5C, FIGS. 6A to 6D, FIGS. 7A to 7D, FIGS. 8A to 8D, and
FIGS. 9A t0 9C.

FIG. 5C illustrates the circuit structure of a semiconductor
circuit in this embodiment. The semiconductor circuit in this
embodiment includes a transistor 562 including an oxide
semiconductor in a semiconductor layer, a transistor 560
including a material other than an oxide semiconductor in a
semiconductor layer, and a storage capacitor 564. The semi-
conductor circuit in this embodiment is part of the integrated
circuit or part of the semiconductor circuit described in
Embodiments 1 and 2. For example, the transistor 562, the
storage capacitor 564, and the transistor 560 can be used as
the transistor 219 included in the nonvolatile FF 200, the
storage capacitor 221, and the transistor included in the first
inverter circuit 203 in FIG. 2, respectively.

A structure of the semiconductor circuit in FIG. 5C in
which the transistor 562 including an oxide semiconductor in
the semiconductor layer is stacked over the transistor 560
including silicon in the semiconductor layer and a method for
forming the structure are described. With a stack of the tran-
sistors, the planar area of the circuit is reduced and the circuit
can be highly integrated.
<Cross-Sectional Structure and Planar Structure of Semicon-
ductor Device>

FIGS. 5A to 5C illustrate a structure example of the semi-
conductor circuit. FIG. SA illustrates a cross section of the
semiconductor circuit, and FIG. 5B illustrates a top surface of
the semiconductor circuit. Here, FIG. 5A corresponds to a
cross section taken along line A1-A2 and line B1-B2 in FIG.
5B. The semiconductor circuit illustrated in FIGS. 5A and 5B
includes the transistor 560 including a first semiconductor
material in a lower portion and the transistor 562 including a
second semiconductor material in an upper portion. Here, the
first semiconductor material and the second semiconductor
material are preferably different from each other. For
example, a material other than an oxide semiconductor that
can easily operate at high speed is used as the first semicon-
ductor material, and transistors included in arithmetic por-
tions of a volatile FF and a nonvolatile FF are formed. When
an oxide semiconductor that enables prolonged storage of



US 9,257,971 B2

17

electrical charge is used as the second semiconductor mate-
rial, a transistor included in a memory circuit of the nonvola-
tile FF can be formed.

The first semiconductor material can be, for example, sili-
con, germanium, silicon germanium, silicon carbide, gallium
arsenide, or the like, and a single crystal semiconductor is
preferably used. Alternatively, an organic semiconductor
material or the like may be used. In this embodiment, silicon
is used.

Although all the transistors are n-channel transistors, it is
needless to say that p-channel transistors can be used. The
technical feature of the disclosed invention lies in the use of a
semiconductor material with which off-state current can be
sufficiently reduced, such as an oxide semiconductor, for the
transistor 562 in order to retain data. It is therefore not nec-
essary to limit specific conditions such as a material, a struc-
ture, and the like of the semiconductor device to those given
here.

The transistor 560 in FIGS. SA to 5C includes a channel
formation region 516 provided over a semiconductor sub-
strate 500 including a semiconductor material (e.g., silicon),
impurity regions 520 with the channel formation region 516
provided therebetween, metal compound regions 524 which
are in contact with the impurity regions 520, a gate insulating
layer 508 provided over the channel formation region 516,
and a gate electrode 510 provided over the gate insulating
layer 508. Note that a transistor whose source and drain
electrodes are not explicitly illustrated in a drawing might be
referred to as a transistor for convenience. Further, in such a
case, in description of the connection of a transistor, a source
region and a source electrode might be collectively referred to
as a “source electrode,” and a drain region and a drain elec-
trode might be collectively referred to as a “drain electrode”.
That is, in this specification, the term “source electrode”
might include a source region. In addition, the term “drain
electrode” might include a drain region.

An electrode 526 is connected to part of the metal com-
pound region 524 of the transistor 560. Here, the electrode
526 serves as a source or drain electrode of the transistor 560.
An element isolation insulating layer 506 is provided over the
substrate 500 to surround the transistor 560. An insulating
layer 528 and an insulating layer 530 are provided over the
transistor 560. Note that in order to obtain high integration,
the transistor 560 preferably does not have a sidewall insu-
lating layer as illustrated in FIG. 5A. On the other hand, when
the characteristics of the transistor 560 have priority, a side-
wall insulating layer may be formed on a side surface of the
gate electrode 510 and the impurity region 520 may include a
region with a different impurity concentration in a region
overlapping with the sidewall insulating layer.

The transistor 562 in FIG. 5A to 5C includes a source or
drain electrode 542a and a source or drain electrode 5424
provided over the insulating layer 530; an oxide semiconduc-
tor layer 544 clectrically connected to the source or drain
electrode 542a and the source or drain electrode 542b; a gate
insulating layer 546 for covering the source or drain electrode
542a and the source or drain electrode 5425 and the oxide
semiconductor layer 544; a gate electrode 5484 provided over
the gate insulating layer 546 to overlap with the oxide semi-
conductor layer 544; an insulating layer 5434 provided in a
region between the source or drain electrode 542a and the
oxide semiconductor layer 544 that overlaps with part of the
gate electrode 5484; and an insulating layer 5435 provided in
a region between the source or drain electrode 5425 and the
oxide semiconductor layer 544 that overlaps with part of the
gate electrode 548a. Note that in order to reduce capacitance
between the source or drain electrode and the gate electrode,
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it is preferable to provide the insulating layer 543a and the
insulating layer 5435. However, a structure without the insu-
lating layer 5434 and the insulating layer 5435 can be used.

The hydrogen concentration in the oxide semiconductor
layer 544 is 5x10*° atoms/cm> or lower, preferably 5x10'®
atoms/cm® or lower, more preferably 5x10'7 atoms/cm’ or
lower. Note that the hydrogen concentration in the oxide
semiconductor layer 544 is measured by secondary ion mass
spectroscopy (SIMS). In the oxide semiconductor layer 544
in which the hydrogen concentration is sufficiently reduced
and a defect level in an energy gap due to oxygen deficiency
is reduced by sufficient supply of oxygen as described above,
the carrier concentration can be easily reduced. For example,
the carrier concentration is lower than 1x10'%/cm?, prefer-
ably lower than 1x10'*/cm>, more preferably lower than
1.45x10"%cm?.

Note that impurities, for example, an alkali metal such as L.i
or Na and an alkaline earth metal such as Ca contained in the
oxide semiconductor layer are preferably reduced. Specifi-
cally, the concentration of the impurities included in the oxide
semiconductor layer is preferably 2x10'/cm® or lower, more
preferably 1x10*%/cm?® or lower. These metal elements have
low electro-negativity and are easily bonded to oxygen in the
oxide semiconductor layer; thus, a carrier path might be
formed in the oxide semiconductor layer, and the oxide semi-
conductor layer might have lower resistance (n-type conduc-
tivity).

Although the oxide semiconductor layer 544 which is pro-
cessed into an island shape is used in the transistor 562 of
FIGS. 5A to 5C in order to reduce leakage current generated
between elements due to miniaturization, the oxide semicon-
ductor layer 544 is not necessarily processed into an island
shape. In the case where the oxide semiconductor layer 544 is
not processed into an island shape, contamination of the oxide
semiconductor layer 544 due to etching in the processing can
be prevented.

The storage capacitor 564 in FIGS. 5A to 5C includes the
source or drain electrode 5424, the oxide semiconductor layer
544, the gate insulating layer 546, and an electrode 548b. In
other words, the source or drain electrode 5424 serves as one
electrode of the storage capacitor 564, and the electrode 5485
serves as the other electrode of the storage capacitor 564.

Note that in the storage capacitor 564 in FIGS. 5A to 5C,
when the oxide semiconductor layer 544 and the gate insu-
lating layer 546 are stacked, insulation between the source or
drain electrode 542a and the electrode 5485 can be suffi-
ciently secured. Needless to say, the storage capacitor 564
without the semiconductor layer 544 may be used in order to
secure sufficient capacitance. Further, the storage capacitor
564 may include an insulating layer formed in a manner
similar to that of the insulating layer 543a. Alternatively, in
the case where a capacitor is not needed, it is possible not to
provide the storage capacitor 564.

Note that in the transistor 562 and the storage capacitor
564, end portions of the source or drain electrode 542a and the
source or drain electrode 5424 are preferably tapered. This is
because when the end portions of the source or drain electrode
542a and the source or drain electrode 5425 are tapered,
coverage with the oxide semiconductor layer 544 can be
improved and disconnection can be prevented. Here, a taper
angle is, for example, 30 to 60°. Note that the taper angle is a
tilt angle formed by a side surface and a bottom surface of a
layer having a tapered shape (e.g., the source or drain elec-
trode 542a) at the time when the layer is observed from a
direction perpendicular to a cross section (a plane perpen-
dicular to the surface of a substrate).
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In this embodiment, the transistor 562 and the storage
capacitor 564 are provided to overlap with the transistor 560.
With such a planar layout, high integration can be obtained.
For example, in the semiconductor circuit in one embodiment
of the present invention, when the storage capacitor and the
transistor including an oxide semiconductor which are
included in the memory circuit of the nonvolatile FF overlap
with the transistor included in the arithmetic portion of the
volatile FF or the nonvolatile FF, a planar area can be reduced
as compared to a circuit structure in which the transistor
including an oxide semiconductor and the storage capacitor
are placed next to the transistor included in the arithmetic
portion of the volatile FF or the nonvolatile FF. Thus, an
integrated circuit in one embodiment of the present invention
can be highly integrated.

An insulating layer 550 is provided over the transistor 562
and the storage capacitor 564, and an insulating layer 552 is
provided over the insulating layer 550. An electrode 554 is
provided in an opening formed in the gate insulating layer
546, the insulating layer 550, the insulating layer 552, and the
like. A wiring 556 connected to the electrode 554 is provided
over the insulating layer 552. Note that the disclosed inven-
tion is not limited thereto.
<Method for Manufacturing Semiconductor Device>

Next, an example of' a method for manufacturing the semi-
conductor device is described. First, a method for forming the
transistor 560 in the lower portion is described below with
reference to FIGS. 6A to 6D and FIGS. 7A to 7D. Then, a
method for forming the transistor 562 in the upper portion and
the storage capacitor 564 is described with reference to FIGS.
8A to 8D and FIGS. 9A to 9C.
<Method for Forming Transistor in Lower Portion>

First, a substrate 500 including a semiconductor material is
prepared (see FIG. 6A). As the substrate 500 including a
semiconductor material, a single crystal semiconductor sub-
strate or a polycrystalline semiconductor substrate of silicon,
silicon carbide, or the like; a compound semiconductor sub-
strate of silicon germanium or the like; an SOI substrate; or
the like can be used. Here, an example in which a single
crystal silicon substrate is used as the substrate 500 including
a semiconductor material is described. Note that although the
term “SOI substrate” generally means a substrate where a
silicon semiconductor layer is provided on an insulating sur-
face, the term “SOI substrate” in this specification and the like
also means a substrate where a semiconductor layer including
a material other than silicon is provided on an insulating
surface. That is, a semiconductor layer included in the “SOI
substrate” is not limited to a silicon semiconductor layer.
Further, the SOI substrate can have a structure in which a
semiconductor layer is provided over an insulating substrate
such as a glass substrate with an insulating layer provided
therebetween.

It is particularly preferable that a single crystal semicon-
ductor substrate of silicon or the like be used as the substrate
500 including a semiconductor material because the speed of
reading operation in the semiconductor device can be
increased.

A protective layer 502 serving as a mask for forming an
element isolation insulating layer is formed over the substrate
500 (see FIG. 6A). As the protective layer 502, an insulating
layer formed using a material such as silicon oxide, silicon
nitride, or silicon oxynitride can be used, for example. Note
that before or after this step, an impurity element imparting
n-type conductivity or p-type conductivity may be added to
the substrate 500 in order to control the threshold voltage of
the transistor. When silicon is used as the semiconductor,
phosphorus, arsenic, or the like can be used as the impurity
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imparting n-type conductivity, for example. Boron, alumi-
num, gallium, or the like can be used as the impurity impart-
ing p-type conductivity, for example.

Next, part of the substrate 500 in a region which is not
covered with the protective layer 502 (i.e., an exposed region)
is removed by etching using the protective layer 502 as a mask
(see FIG. 6B). As the etching, dry etching is preferably per-
formed; however, wet etching may be performed. An etching
gas and an etchant can be selected as appropriate depending
on a material to be etched.

Then, an insulating layer is formed to cover the semicon-
ductor region 504, and the insulating layer in a region over-
lapping with the semiconductor region 504 is selectively
removed, so that the element isolation insulating layer 506 is
formed. The insulating layer is formed using silicon oxide,
silicon nitride, silicon oxynitride, or the like. As a method for
removing the insulating layer, any of polishing treatment such
as chemical mechanical polishing (CMP), etching, and the
like can be used. Thus, the semiconductor region 504 isolated
from the other semiconductor regions is formed. Note that the
protective layer 502 is removed after the formation of the
semiconductor region 504 or after the formation of the ele-
ment isolation insulating layer 506.

Note that as a method for forming the element isolation
insulating layer 506, a method in which an insulating region
is formed by introduction of oxygen, or the like can be used
instead of the method in which the insulating layer is selec-
tively removed.

Next, an insulating layer is formed over a surface of the
semiconductor region 504, and a layer containing a conduc-
tive material is formed over the insulating layer.

The insulating layer is to be a gate insulating layer later and
can be formed, for example, by performing heat treatment
(e.g., thermal oxidation treatment or thermal nitriding treat-
ment) on a surface of the semiconductor region 504. Instead
of heat treatment, high-density plasma treatment may be
employed. The high-density plasma treatment can be per-
formed using, for example, a mixed gas of a rare gas such as
He, Ar, Kr, or Xe and any of oxygen, nitrogen oxide, ammo-
nia, nitrogen, or hydrogen. Needless to say, the insulating
layer may be formed by CVD, sputtering, or the like. The
insulating layer preferably has a single-layer structure or a
layered structure using a film including any of silicon oxide,
silicon oxynitride, silicon nitride, hafnhium oxide, aluminum
oxide, tantalum oxide, yttrium oxide, hatnium silicate (Hf-
81,0, (x>0, y>0)), hafnium silicate (HfSi,0, (x>0, y>0)) to
which nitrogen is added, hafnium aluminate (HfALO, (x>0,
y>0)) to which nitrogen is added, or the like. The thickness of
the insulating layer can be, for example, 1 to 100 nm, prefer-
ably 10 to 50 nm.

The layer containing a conductive material can be formed
using a metal material such as aluminum, copper, titanium,
tantalum, or tungsten; an alloy material containing the metal
material; or a stacked layer including the metal material or the
alloy material. For example, with a structure where a metal
layer containing copper is stacked over a copper-magnesium-
aluminum alloy layer, adhesion can be increased. The layer
containing a conductive material may be formed using a
semiconductor material such as polycrystalline silicon. There
is no particular limitation on the method for forming the layer
containing a conductive material, and a variety of deposition
methods such as vapor deposition, CVD, sputtering, or spin
coating can be used. Note that in this embodiment, an
example in which the layer containing a conductive material
is formed using a metal material is described.
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Then, the insulating layer and the layer containing a con-
ductive material are selectively etched, so that the gate insu-
lating layer 508 and the gate electrode 510 are formed (see
FIG. 6C).

Next, phosphorus (P), arsenic (As), or the like is added to
the semiconductor region 504, so that the channel formation
region 516 and the impurity regions 520 are formed (see FI1G.
6D). Although phosphorus or arsenic is added here in order to
form an n-channel transistor, an impurity element such as
boron (B) or aluminum (Al) may be added in the case where
a p-channel transistor is formed. Here, the concentration of
the impurity to be added can be set as appropriate; however,
the concentration is preferably increased in the case where a
semiconductor element is highly miniaturized.

Note that a sidewall insulating layer may be formed around
the gate electrode 510 so that impurity regions to which
impurity elements are added at different concentrations are
formed.

Next, a metal layer 522 is formed to cover the gate elec-
trode 510, the impurity regions 520, and the like (see FIG.
7A). The metal layer 522 can be formed by a variety of
deposition methods such as vacuum vapor deposition, sput-
tering, or spin coating. The metal layer 522 is preferably
formed using a metal material that reacts with a semiconduc-
tor material included in the semiconductor region 504 to form
a low-resistance metal compound. Examples of such metal
materials include titanium, tantalum, tungsten, nickel, cobalt,
platinum, and the like.

Then, heat treatment is performed so that the metal layer
522 reacts with the semiconductor material. Thus, the metal
compound regions 524 that are in contact with the impurity
regions 520 are formed (see FIG. 7A). Note that in the case
where polycrystalline silicon or the like is used for the gate
electrode 510, a metal compound region is also formed in a
portion of the gate electrode 510 that is in contact with the
metal layer 522.

As the heat treatment, irradiation with a flash lamp can be
employed, for example. Although it is needless to say that
different heat treatment may be employed, a method by which
heat treatment for an extremely short time can be achieved is
preferably employed in order to improve the controllability of
chemical reaction in formation of the metal compound. Note
that the metal compound regions are formed by reaction of the
metal material and the semiconductor material and have suf-
ficiently high conductivity. The formation of the metal com-
pound regions can sufficiently reduce the electric resistance
and improve element characteristics. The metal layer 522 is
removed after the formation of the metal compound regions
524.

Then, the electrode 526 is formed in a region that is in
contact with part of the metal compound region 524 (see FIG.
7B). For example, the electrode 526 is formed in such a
manner that a layer containing a conductive material is
formed and then is selectively etched. The layer containing a
conductive material can be formed using a metal material
such as aluminum, copper, titanium, tantalum, or tungsten; an
alloy material containing the metal material; or a stacked
layer of the metal material or the alloy material. For example,
with a structure where a material layer containing copper is
stacked over a copper-magnesium-aluminum alloy layer,
adhesion can be increased. The layer containing a conductive
material may be formed using a semiconductor material such
as polycrystalline silicon. There is no particular limitation on
the method for forming the layer containing a conductive
material, and a variety of deposition methods such as vapor
deposition, CVD, sputtering, or spin coating can be used.
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In that case, it is possible to use a method, for example, in
which a thin titanium film is formed in a region including the
opening by PVD, a thin titanium nitride film is formed by
CVD, and then a tungsten film is formed to fill the opening.
Here, the titanium film formed by PVD has a function of
reducing an oxide film (e.g., a native oxide film) formed on a
surface over which the titanium film is formed and lowering
the contact resistance with a lower electrode or the like (the
metal compound region 524, here). The titanium nitride film
formed after the formation of the titanium film has a barrier
function of preventing diffusion of the conductive material. A
copper film may be formed by plating after the formation of
the barrier film of titanium, titanium nitride, or the like.

Then, the insulating layer 528 and the insulating layer 530
are formed to cover the components formed in the above steps
(see FIG. 7C). The insulating layer 528 and the insulating
layer 530 can be formed using a material including an inor-
ganic insulating material such as silicon oxide, silicon oxyni-
tride, silicon nitride, or aluminum oxide. In particular, the
insulating layer 528 and the insulating layer 530 are prefer-
ably formed using a low dielectric constant (low-k) material
because capacitance caused by overlap of electrodes or wir-
ings can be sufficiently reduced. Note that a porous insulating
layer including any of these materials may be used for the
insulating layer 528 and the insulating layer 530. Since the
porous insulating layer has lower dielectric constant than a
dense insulating layer, capacitance caused by electrodes or
wirings can be further reduced. Alternatively, the insulating
layer 528 and the insulating layer 530 can be formed using an
organic insulating material such as polyimide or acrylic. Note
that although a layered structure of the insulating layer 528
and the insulating layer 530 is used here, one embodiment of
the disclosed invention is not limited to this structure. A
single-layer structure or a layered structure of three or more
layers may be used.

As pretreatment for the formation of the transistor 562 and
the storage capacitor 564, CMP treatment is performed on the
insulating layer 528 and the insulating layer 530 so that a top
surface of the gate electrode 510 is exposed (see FIG. 7D).
Instead of CMP treatment, etching or the like can be used as
the treatment for exposing the top surface of the gate elec-
trode 510, and it is preferable that surfaces of the insulating
layer 528 and the insulating layer 530 be as flat as possible in
order that characteristics of the transistor 562 be improved.

Through the above steps, the transistor 560 using the sub-
strate 500 including a semiconductor material is formed. The
transistor 560 can operate at high speed. Thus, when the
transistor is used as a transistor in a volatile FF, the normal
operation of a semiconductor circuit can be performed at high
speed.

Note that before or after the steps, a step of forming an
electrode, a wiring, a semiconductor layer, an insulating
layer, or the like may be further performed. For example, a
multilayer wiring structure in which an insulating layer and a
conductive layer are stacked is employed as a wiring struc-
ture, so that a highly-integrated semiconductor device can be
obtained.
<Method for Forming Transistor in Upper Portion>

Next, a conductive layer is formed over the gate electrode
510, the insulating layer 528, the insulating layer 530, and the
like and is selectively etched, so that the source and drain
electrodes 542a and 5425 are formed (see FIG. 8A).

The conductive layer can be formed by PVD such as sput-
tering or CVD such as plasma-enhanced CVD. As the mate-
rial of the conductive layer, an element selected from alumi-
num, chromium, copper, tantalum, titanium, molybdenum, or
tungsten; an alloy containing any of these elements as a
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component; or the like can be used. One or more materials
selected from manganese, magnesium, zirconium, beryllium,
neodymium, or scandium may be used.

The conductive layer may have a single-layer structure or a
layered structure of two or more layers. For example, the
conductive layer can have a single-layer structure of a tita-
nium film or a titanium nitride film, a single-layer structure of
an aluminum film containing silicon, a two-layer structure in
which a titanium film is stacked over an aluminum film, a
two-layer structure in which a titanium film is stacked over a
titanium nitride film, or a three-layer structure in which a
titanium film, an aluminum film, and a titanium film are
stacked. Note that in the case where the conductive layer has
a single-layer structure of a titanium film or a titanium nitride
film, there is an advantage that the conductive layer is easily
processed into the source and drain electrodes 542a and 5426
having tapered shapes.

Alternatively, the conductive layer may be formed using a
conductive metal oxide. As the conductive metal oxide,
indium oxide (In,0;), tin oxide (Sn0,), zinc oxide (Zn0O),
indium tin oxide (In,0;—SaO,, which is abbreviated to ITO
in some cases), indium zinc oxide (In,O;—7n0), or any of
these metal oxide materials in which silicon or silicon oxide
is included can be used.

The conductive layer is preferably etched so that end por-
tions of the source and drain electrodes 542a and 5426 are
tapered. Here, it is preferable that a taper angle be 30 to 60°,
for example. Etching is performed so that the end portions of
the source and drain electrodes 542a and 5426 are tapered.
Thus, coverage with the gate insulating layer 546 formed later
can be improved and disconnection can be prevented.

The channel length (L) of the transistor in the upper portion
is determined by a distance between lower end portions of the
source or drain electrode 542a and the source or drain elec-
trode 5425. Note that for exposure for forming a mask used at
the time when a transistor with a channel length (L) of less
than 25 nm is formed, it is preferable to use extreme ultravio-
let rays whose wavelength is as short as several nanometers to
several tens of nanometers. In the exposure by extreme ultra-
violet rays, the resolution is high and the focus depth is large.
Accordingly, the channel length (L) of the transistor to be
formed later can be 10 nm to 1000 nm (1 um), and the circuit
can operate at higher speed. Further, the power consumption
of the semiconductor device can be reduced by miniaturiza-
tion.

Note that an insulating layer serving as a base may be
formed over the insulating layer 528 and the insulating layer
530. The insulating layer can be formed by PVD, CVD, orthe
like.

Then, the insulating layer 543a and the insulating layer
543b are formed over the source or drain electrode 5424 and
the source or drain electrode 5425, respectively (see FIG. 8B).
The insulating layer 5434 and the insulating layer 5435 can be
formed in such a manner that an insulating layer covering the
source or drain electrode 542a and the source or drain elec-
trode 54256 is formed and then is selectively etched. The
insulating layer 543a and the insulating layer 54354 are
formed to overlap with part of a gate electrode formed later.
By provision of such an insulating layer, capacitance between
the gate electrode and the source or drain electrode can be
reduced.

The insulating layer 543a and the insulating layer 5435 can
be formed using a material including an inorganic insulating
material such as silicon oxide, silicon oxynitride, silicon
nitride, or aluminum oxide. In particular, the insulating layer
543a and the insulating layer 5435 are preferably formed
using a low dielectric constant (low-k) material because
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capacitance between the gate electrode and the source or
drain electrode can be sufficiently reduced. Note that a porous
insulating layer including any of these materials may be used
for the insulating layer 543a and the insulating layer 5435.
Since the porous insulating layer has a lower dielectric con-
stant than a dense insulating layer, capacitance between the
gate electrode and the source or drain electrode can be further
reduced.

Note that in order to reduce the capacitance between the
gate electrode and the source or drain electrode, the insulating
layer 543a and the insulating layer 5435 are preferably
formed; however, a structure without the insulating layer
543a and the insulating layer 5435 may be employed.

Next, after an oxide semiconductor layer is formed to cover
the source or drain electrode 5424 and the source or drain
electrode 5425, the oxide semiconductor layer is selectively
etched, so that the oxide semiconductor layer 544 is formed
(see FIG. 8C).

As an oxide semiconductor used for the oxide semiconduc-
tor layer, a four-component metal oxide such as an In—Sn—
Ga—Zn—0-based oxide semiconductor; a three-component
metal oxide such as an In—Ga—Zn—O-based oxide semi-
conductor, an In—Sn—Zn—O-based oxide semiconductor,
anIn—Al—Zn—O0O-based oxide semiconductor, a Sn—Ga—
Zn—0O-based oxide semiconductor, an Al—Ga—Zn—O-
based oxide semiconductor, or a Sn—Al—Zn—O-based
oxide semiconductor; a two-component metal oxide such as
an In—Zn—O-based oxide semiconductor, a Sn—Zn—0O-
based oxide semiconductor, an Al—Zn—O-based oxide
semiconductor, a Zn—Mg—O-based oxide semiconductor, a
Sn—Mg—O-based oxide semiconductor, an In—Mg—O-
based oxide semiconductor, or an In—Ga—O-based oxide
semiconductor; an In—O-based oxide semiconductor; a
Sn—O-based oxide semiconductor; a Zn—O-based oxide
semiconductor; or the like can be used. Further, the oxide
semiconductor layer may contain silicon oxide. When silicon
oxide (SiO(X>0)), which hinders crystallization, is con-
tained in the oxide semiconductor layer, crystallization of the
oxide semiconductor layer can be suppressed in the case
where heat treatment is performed after the oxide semicon-
ductor layer is formed in the manufacturing process. Note that
the oxide semiconductor layer is preferably amorphous but
may be partly crystallized. Here, for example, an In—Ga—
Zn—O0-based oxide semiconductor means an oxide film con-
taining indium (In), gallium (Ga), and zinc (Zn), and there is
no particular limitation on the composition ratio. Further, the
In—Ga—7n—0-based oxide semiconductor may contain an
element other than In, Ga, and Zn.

For the oxide semiconductor layer 544, a thin film repre-
sented by a chemical formula of InMO;(Zn0),,, (m>0, where
m is not a natural number) can be used. Here, M denotes one
or more metal elements selected from Ga, Al, Mn, or Co. For
example, M can be Ga, Ga and Al, Ga and Mn, Ga and Co, or
the like. As the oxide semiconductor, a material represented
by In,SnO4(Zn0), (n>0, where n is a natural number) may be
used.

The oxide semiconductor is preferably an oxide semicon-
ductor containing In, more preferably, an oxide semiconduc-
tor containing In and Ga. In this embodiment, an amorphous
oxide semiconductor layer is formed by sputtering using an
In—Ga—7n—O0-based metal oxide target.

As a target used for formation of the oxide semiconductor
layer 544 by sputtering, foe example, an In—Ga—Zn-based
oxide with an atomic ratio of In:Ga:Zn=1:1:1 (=1/3:1/3:1/3)
or In:Ga:Zn=2:2:1 (=2/5:2/5:1/5), or an oxide whose compo-
sition is in the neighborhood of the above composition can be
used. Alternatively, an In—Sn—Z7n-based oxide with an
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atomic ratio of In:Sn:Zn=1:1:1 (=1/3:1/3:1/3), In:Sn:Zn=2:
1:3 (=1/3:1/6:1/2), or In:Sn:Zn=2:1:5 (=1/4:1/8:5/8), or any
of oxides whose composition is in the neighborhood of the
above compositions may be used.

Note that for example, the expression “the composition of
an oxide with an atomic ratio of In:Ga:Zn=a:b:c (a+b+c=1)is
in the neighborhood of the composition of an oxide with an
atomic ratio of In:Ga:Zn=A:B:C (A+B+C=1)" means that a,
b, and ¢ satisfy the following relation: (a—A)*+(b-B)*+
(c—C)*<r?, and r may be 0.05, for example. The same applies
to other oxides.

In the case where an In—Z7n—O-based material is used for
the oxide semiconductor, a target used has a composition ratio
of In:Zn=50:1 to 1:2 in an atomic ratio (In,0,:Zn0=25:1 to
1:4 in a molar ratio), preferably In:Zn=20:1 to 1:1 in an
atomic ratio (In,05:Zn0O=10:1 to 1:2 in a molar ratio), more
preferably In:Zn=1.5:1 to 15:1 in an atomic ratio (In,O;:
7Zn0=3:4t0 15:2 in amolar ratio). For example, when a target
used for deposition of an In—Zn—0O-based oxide semicon-
ductor has a composition ratio of In:Zn:0=X:Y:Z in an
atomic ratio, where Z>1.5X+Y.

It is preferable that a metal oxide contained in the metal
oxide target have a relative density of 80% or higher, prefer-
ably 95% or higher, more preferably 99.9% or higher. The use
of a metal oxide target having high relative density makes it
possible to form the oxide semiconductor layer with a dense
structure. Further, the purity of the target is preferably
99.99% or higher, where it is preferable that impurities, for
example, an alkali metal such as Na or L.i and an alkaline earth
metal such as Ca be particularly reduced.

The atmosphere in which the oxide semiconductor layer is
formed is preferably a rare gas (typically, argon) atmosphere,
an oxygen atmosphere, or a mixed atmosphere containing a
rare gas (typically, argon) and oxygen. Specifically, it is pref-
erable to use, for example, the atmosphere of a high-purity
gas from which an impurity such as hydrogen, water, a
hydroxyl group, or hydride is removed so that the impurity
concentration is 1 ppm or lower (preferably, the impurity
concentration is 10 ppb or lower). Specifically, a high-purity
gas with a dew point of -60° C. or lower is preferable.

In the formation of the oxide semiconductor layer, for
example, an object is held in a treatment chamber that is kept
under reduced pressure and is heated so that the temperature
of'the object is higher than or equal to 100° C. and lower than
550° C., preferably higher than or equal to 200° C. and lower
than or equal to 400° C. Alternatively, the temperature of the
object in the formation of the oxide semiconductor layer may
be room temperature (25° C.+£10° C.). Then, a sputtering gas
from which hydrogen, water, or the like is removed is intro-
duced while moisture in the treatment chamber is removed,
and the target is used, whereby the oxide semiconductor layer
is formed. The oxide semiconductor layer is formed while the
object is heated, so that impurities contained in the oxide
semiconductor layer can be reduced. Further, damage due to
sputtering can be reduced. In order to remove moisture in the
treatment chamber, an adsorption vacuum pump is preferably
used. For example, a cryopump, an ion pump, a titanium
sublimation pump, or the like can be used. Alternatively, a
turbo pump provided with a cold trap may be used. By evacu-
ation with the cryopump or the like, hydrogen, water, and the
like can be removed from the treatment chamber, so that the
impurity concentration in the oxide semiconductor layer can
be reduced.

Further, when the leakage rate of the treatment chamber of
the sputtering apparatus is set lower than or equal to 1x107*°
Pa-m>/s, entry of impurities such as an alkali metal or hydride
into the oxide semiconductor film that is being formed by
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sputtering can be reduced. Furthermore, with the use of an
adsorption vacuum pump as an evacuation system, counter
flow of an alkali metal, a hydrogen atom, a hydrogen mol-
ecule, water, a hydroxyl group, hydride, or the like from the
evacuation system can be reduced.

The oxide semiconductor layer can be formed under the
following conditions, for example: the distance between the
object and the target is 170 mm, the pressure is 0.4 Pa, the
direct-current (DC) power is 0.5 kW, and the atmosphere is an
oxygen atmosphere (the proportion of oxygen is 100%), an
argon atmosphere (the proportion of argon is 100%), or a
mixed atmosphere including oxygen and argon.

Note that a pulse-direct current (DC) power source is pref-
erably used because dust (e.g., powdery substances generated
in the deposition) can be reduced and the film thickness can be
uniform. The thickness of the oxide semiconductor layer is 1
to 50 nm, preferably 1 to 30 nm, more preferably 1 to 10 nm.
With the oxide semiconductor layer having such thickness, a
short-channel effect due to miniaturization can be sup-
pressed. Note that the appropriate thickness differs depending
on the oxide semiconductor material to be used, the use of the
semiconductor device, and the like; thus, the thickness can be
determined in accordance with the material, the use, and the
like.

Note that before the oxide semiconductor layer is formed
by sputtering, a substance attached to a surface where the
oxide semiconductor layer is to be formed (e.g., a surface of
the insulating layer 530) is preferably removed by reverse
sputtering in which an argon gas is introduced and plasma is
generated. Here, the reverse sputtering is a method in which
ions collide with a process surface of a substrate so that the
surface is modified, in contrast to normal sputtering in which
ions collide with a sputtering target. As an example of a
method for making ions collide with a process surface, there
is a method in which high-frequency voltage is input to the
process surface in an argon atmosphere so that plasma is
generated in the vicinity of an object. Note that the atmo-
sphere of nitrogen, helium, oxygen, or the like may be used
instead of an argon atmosphere.

After that, heat treatment (first heat treatment) is preferably
performed on the oxide semiconductor layer. By the first heat
treatment, excessive hydrogen (including water and a
hydroxyl group) in the oxide semiconductor layer is removed
and the structure of the oxide semiconductor layer is
improved, so that the defect level in an energy gap can be
reduced. The temperature of the first heat treatment is, for
example, higher than or equal to 150° C. and lower than 650°
C., preferably higher than or equal to 200° C. and lower than
or equal to 500° C.

The heat treatment can be performed in such a manner that,
for example, an object is introduced into an electric furnace in
which a resistance heater or the like is used at 450° C. for 1 h
in a nitrogen atmosphere. The oxide semiconductor layer is
not exposed to the air during the heat treatment so that entry
of water or hydrogen can be prevented.

The heat treatment apparatus is not limited to an electric
furnace. The heat treatment apparatus can be an apparatus
that heats an object by thermal conduction or thermal radia-
tion from a medium such as a heated gas. For example, a rapid
thermal annealing (RTA) apparatus such as a gas rapid ther-
mal annealing (GRTA) apparatus or a lamp rapid thermal
annealing (LRTA) apparatus can be used. An LRTA apparatus
is an apparatus for heating an object by radiation of light (an
electromagnetic wave) emitted from a lamp such as a halogen
lamp, a metal halide lamp, a xenon arc lamp, a carbon arc
lamp, a high-pressure sodium lamp, or a high-pressure mer-
cury lamp. A GRTA apparatus is an apparatus for heat treat-
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ment using a high-temperature gas. As the gas, an inert gas
which does not react with an object by heat treatment, such as
nitrogen or a rare gas such as argon, is used.

For example, as the first heat treatment, GRTA treatment
may be performed in the following manner. The object is put
in an inert gas atmosphere that has been heated, heated for
several minutes, and then taken out of the inert gas atmo-
sphere. The GRTA treatment enables high-temperature heat
treatment in a short time. Further, in the GRTA treatment,
even conditions of the temperature that exceeds the upper
temperature limit of the object can be employed. Note that the
inert gas may be changed to a gas including oxygen during the
process. This is because defect levels in the energy gap due to
oxygen deficiency can be reduced by the first heat treatment
in an atmosphere including oxygen.

Note that as the inert gas atmosphere, an atmosphere that
contains nitrogen or arare gas (e.g., helium, neon, or argon) as
its main component and does not contain water, hydrogen, or
the like is preferably used. For example, the purity of nitrogen
or a rare gas such as helium, neon, or argon introduced into a
heat treatment apparatus is set to 6N (99.9999%) or more,
preferably 7N (99.99999%) or more (i.e., the impurity con-
centration is 1 ppm or lower, preferably 0.1 ppm or lower).

The heat treatment (the first heat treatment) has an effect of
removing hydrogen, water, and the like and thus can be
referred to as dehydration treatment, dehydrogenation treat-
ment, or the like. The dehydration treatment or the dehydro-
genation treatment can be performed, for example, after the
oxide semiconductor layer is formed, after the gate insulating
layer is formed, or after the gate electrode is formed. Such
dehydration treatment or dehydrogenation treatment may be
performed once or more than once.

The oxide semiconductor layer may be etched before or
after the heat treatment. In terms of miniaturization of ele-
ments, dry etching is preferably used; however, wet etching
may be used. An etching gas and an etchant can be selected as
appropriate depending on a material to be etched. Note that in
the case where leakage in an element does not cause a prob-
lem, the oxide semiconductor layer may be used without
being processed to have an island shape.

In addition, as the oxide semiconductor layer, an oxide
semiconductor layer having a crystal region which is c-axis-
aligned perpendicularly to a surface may be formed by per-
forming deposition twice and heat treatment twice, regardless
of the material of a base member, such as an oxide, a nitride,
or ametal. For example, after a first oxide semiconductor film
with athickness of 3 to 15 nm is deposited, first heat treatment
is performed at 450 to 850° C., preferably 550 to 750° C. in
the atmosphere of nitrogen, oxygen, a rare gas, a mixed gas of
oxygen and a rare gas, a mixed gas of nitrogen and a rare gas,
a mixed gas of nitrogen and oxygen, or dry air, so that a first
oxide semiconductor film which includes a crystalline region
(including plate-like crystals) in a region including its surface
is formed. Then, after a second oxide semiconductor film
which has larger thickness than the first oxide semiconductor
film is formed, second heat treatment is performed at 450 to
850° C., preferably 600 to 700° C., so that crystal growth
proceeds upward with the use of the first oxide semiconductor
film as a seed of the crystal growth and the entire second oxide
semiconductor film is crystallized. In such a manner, the
oxide semiconductor layer having a thick crystal region may
be formed.

Further, an oxide semiconductor layer having a crystal
region which is c-axis-aligned perpendicularly to a surface of
the film may be formed by forming an oxide semiconductor
layer while the substrate is heated to a temperature at which
the oxide semiconductor is c-axis aligned. With such deposi-
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tion, the number of processes can be reduced. The tempera-
ture for heating the substrate is preferably 150 to 450° C. Note
that the temperature may be set as appropriate in accordance
with other deposition conditions which differ depending on a
deposition apparatus; for example, when the deposition is
performed with a sputtering apparatus, the substrate tempera-
ture may be 250° C. or higher.

Next, the gate insulating layer 546 which is in contact with
the oxide semiconductor layer 544 is formed. After that, over
the gate insulating layer 546, the gate electrode 548a is
formed in a region overlapping with the oxide semiconductor
layer 544, and the electrode 5485 is formed in a region over-
lapping with the source or drain electrode 542a (see FIG. 8D).

The gate insulating layer 546 can be formed by CVD,
sputtering, or the like. The gate insulating layer 546 is pref-
erably formed to contain silicon oxide, silicon nitride, silicon
oxynitride, aluminum oxide, tantalum oxide, hafnium oxide,
yttrium oxide, hafnium silicate (HfSi,O, (x>0, y>0)),
hafnium silicate (HfS1,0, (x>0, y>0)) to which nitrogen is
added, hafnium aluminate (HfALO, (x>0, y>0)) to which
nitrogen is added, or the like. The gate insulating layer 546
may have a single-layer structure or a layered structure. There
is no particular limitation on the thickness of the gate insu-
lating layer 546; however, in the case where a semiconductor
device is miniaturized, the thickness is preferably small in
order to secure the operation of the transistor. For example, in
the case where silicon oxide is used, the thickness can be 1 to
100 nm, preferably 10 to 50 nm.

When the gate insulating layer is thin as described above,
gate leakage due to a tunneling effect or the like becomes
problematic. In order to solve the problem of gate leakage, it
is preferable that the gate insulating layer 546 be formed
using a high dielectric constant (high-k) material such as
hafnium oxide, tantalum oxide, yttrium oxide, hafhium sili-
cate (HfS1,0, (x>0, y>0)), hafnium silicate (H1S1,0,, (x>0,
y>0)) to which nitrogen is added, or hafnium aluminate
(HfALO, (x>0, y>0)) to which nitrogen is added. By using a
high-k material for the gate insulating layer 546, electrical
characteristics can be secured and the thickness can be
increased in order to prevent gate leakage. Note that a layered
structure of a film containing a high-k material and a film
containing any of silicon oxide, silicon nitride, silicon oxyni-
tride, silicon nitride oxide, aluminum oxide, or the like may
be employed.

After the gate insulating layer 546 is formed, second heat
treatment is preferably performed in an inert gas atmosphere
or an oxygen atmosphere. The temperature of the heat treat-
ment is 200 to 450° C., preferably 250 to 350° C. For
example, the heat treatment may be performed at 250° C. for
1 h in a nitrogen atmosphere. The second heat treatment can
reduce variations in electrical characteristics of the transistor.
Further, in the case where the gate insulating layer 546
includes oxygen, oxygen can be supplied to the oxide semi-
conductor layer 544, and oxygen vacancies in the oxide semi-
conductor layer 544 can be filled.

Note that in this embodiment, the second heat treatment is
performed after the gate insulating layer 546 is formed; how-
ever, the timing of the second heat treatment is not limited to
thereto. For example, the second heat treatment may be per-
formed after the gate electrode is formed. Alternatively, the
first heat treatment and the second heat treatment may be
performed successively, the first heat treatment may serve as
the second heat treatment, or the second heat treatment may
serve as the first heat treatment.

At least one of the first heat treatment and the second heat
treatment is performed as described above, whereby the oxide
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semiconductor layer 544 can be highly purified to contain
impurities other than main components as little as possible.

The gate electrode 548a and the electrode 5485 can be
formed in such a manner that a conductive layer is formed
over the gate insulating layer 546 and then is selectively
etched. The conductive layer to be the gate electrode 5484 and
the electrode 5485 can be formed by PVD such as sputtering
or CVD such as plasma-enhanced CVD. The details are simi-
lar to those of the source or drain electrode 542a or the like;
thus, description thereof can be referred to.

Then, the insulating layer 550 and the insulating layer 552
are formed over the gate insulating layer 546, the gate elec-
trode 548a, and the electrode 5486 (see FIG. 9A). The insu-
lating layer 550 and the insulating layer 552 can be formed by
PVD, CVD, or the like. The insulating layer 550 and the
insulating layer 552 can be formed using a material including
an inorganic insulating material such as silicon oxide, silicon
oxynitride, silicon nitride, hafnium oxide, or aluminum
oxide.

Note that for the insulating layer 550 and the insulating
layer 552, a material with a low dielectric constant or a struc-
ture with a low dielectric constant (e.g., a porous structure) is
preferably used. When the insulating layer 550 and the insu-
lating layer 552 have a low dielectric constant, capacitance
generated between wirings or electrodes can be reduced,
which results in higher speed operation.

Note that although a layered structure of the insulating
layer 550 and the insulating layer 552 is used here, one
embodiment of the disclosed invention is not limited to this
structure. A single-layer structure or a layered structure of
three or more layers may be used. Alternatively, it is possible
not to provide an insulating layer.

Note that the insulating layer 552 is preferably formed to
have a flat surface. This is because when the insulating layer
552 has a flat surface, an electrode, a wiring, or the like can be
favorably formed over the insulating layer 552 even in the
case where the semiconductor device is miniaturized, for
example. The insulating layer 552 can be flattened by a
method such as chemical mechanical polishing (CMP).

Next, an opening reaching the source or drain electrode
5425 is formed in the gate insulating layer 546, the insulating
layer 550, and the insulating layer 552 (see FIG. 9B). The
opening is formed by selective etching with the use of a mask
or the like.

Then, the electrode 554 is formed in the opening, and the
wiring 556 that is in contact with the electrode 554 is formed
over the insulating layer 552 (see FIG. 9C).

The electrode 554 can be formed in such a manner that, for
example, a conductive layer is formed by PVD, CVD, or the
like in a region including the opening and then part of the
conductive layer is removed by a method such as etching or
CMP.

Specifically, for example, it is possible to use a method, for
example, in which a thin titanium film is formed in a region
including the opening by PVD, a thin titanium nitride film is
formed by CVD, and then a tungsten film is formed to fill the
opening. Here, the titanium film formed by PVD has a func-
tion of reducing an oxide film (e.g., a native oxide film)
formed on a surface over which the titanium film is formed
and lowering the contact resistance with a lower electrode or
the like (the source or drain electrode 54254, here). The tita-
nium nitride film formed after the formation of the titanium
film has a barrier function of preventing diffusion of the
conductive material. A copper film may be formed by plating
after the formation of the barrier film of titanium, titanium
nitride, or the like.
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Note that in the case where the electrode 554 is formed by
removal of part of the conductive layer, processing is prefer-
ably performed so that a surface of the electrode 554 is flat.
For example, when a thin titanium film or a thin titanium
nitride film is formed in a region including the opening and
then a tungsten film is formed to be embedded in the opening,
excess tungsten, titanium, titanium nitride, or the like can be
removed and the flatness of the surface of the electrode 554
can be improved by subsequent CMP treatment. Further, such
treatment for improving the flatness can flatten the entire
surface including the surface of the electrode 554. The entire
surface including the surface of the electrode 554 is flattened
in this manner, so that an electrode, a wiring, an insulating
layer, a semiconductor layer, or the like can be favorably
formed in a later step.

The wiring 556 can be formed in such a manner that a
conductive layer is formed by PVD such as sputtering or
CVD such as plasma-enhanced CVD and then is patterned.
As the material of the conductive layer, an element selected
from aluminum, chromium, copper, tantalum, titanium,
molybdenum, or tungsten; an alloy containing any of these
elements as a component; or the like can be used. One or more
materials selected from manganese, magnesium, zirconium,
beryllium, neodymium, or scandium may be used. The details
are similar to those of the source or drain electrode 542a or the
like.

Through the above steps, the transistor 562 including the
oxide semiconductor layer 544 and the storage capacitor 564
are completed (see FIG. 9C).

In the transistor 562 in this embodiment, the hydrogen
concentration in the oxide semiconductor layer 544 is 5x10"°
atoms/cm® or lower, preferably 5x10'® atoms/cm® or lower,
more preferably 5x10'7 atoms/cm® or lower. In addition, the
carrier density of the oxide semiconductor layer 544 is much
lower (e.g., lower than 1x10'%/cm?, preferably lower than
1.45x10"%cm?>) than that of a general silicon wafer (approxi-
mately 1x10'*/cm?). The off-state current (current per unit
channel width (1 pm), here) of the transistor 562 at room
temperature (25° C.) is 100 zA (1 zA (zeptoampere) is 1x
1072 A) or less, preferably 10 zA or less.

With the use of such a transistor, it is possible to obtain a
semiconductor circuit in which off-state current is reduced
and a signal can be held without supply of power.

When a transistor including an oxide semiconductor in a
semiconductor layer and a transistor including a material
other than an oxide semiconductor are formed to overlap with
each other, the increase in circuit area can be suppressed and
the circuit can be more highly integrated. In addition, in the
semiconductor circuit in this embodiment, a wiring can be
shared; thus, a semiconductor circuit with sufficiently high
integration degree can be obtained.

When the circuit structure described in this embodiment is
used in the nonvolatile FF described in Embodiment 2, a
storage capacitor and a transistor including an oxide semi-
conductor in a semiconductor layer can be stacked over a
transistor including a different semiconductor material in a
semiconductor layer; thus, the nonvolatile FF can be highly
integrated.

Similarly, a transistor including a different semiconductor
material in a semiconductor layer and a transistor including
an oxide semiconductor material that are included in a vola-
tile FF can be stacked, or the nonvolatile FF and the volatile
FF can be stacked. Thus, even when a nonvolatile FF is
provided for each volatile FF, an integrated circuit can be
manufactured without the increase in circuit area.

When alayered structure is employed in the semiconductor
circuit, the nonvolatile flip-flop, or part of the circuit
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described in Embodiment 1 or 2 as in this embodiment, a
nonvolatile FF can be provided in a volatile FF without the
increase in circuit area. Thus, it is possible to highly integrate
an integrated circuit which can be switched to a resting state
rapidly.

As described above, the structures, methods, and the like
described in this embodiment can be combined with any of
the structures, methods, and the like described in the other
embodiments as appropriate.

(Embodiment 4)

In this embodiment, semiconductor devices each including
the integrated circuit in the above embodiment are described
with reference to FIGS. 10A to 10F. In this embodiment,
applications of the integrated circuit to semiconductor
devices such as a computer, a cellular phone set (also referred
to as a cellular phone or a cellular phone device), a personal
digital assistant (including a portable game machine, an audio
reproducing device, and the like), a camera such as a digital
camera or a digital video camera, electronic paper, and a
television set (also referred to as a television or a television
receiver) are described.

FIG. 10A illustrates a laptop, which includes a housing
701, a housing 702, a display portion 703, a keyboard 704,
and the like. The integrated circuit in the above embodiment
is provided in at least one of the housing 701 and the housing
702. Thus, a laptop in which data is written and read at high
speed and power consumption is sufficiently reduced can be
obtained.

FIG. 10B illustrates a personal digital assistant (PDA). A
main body 711 is provided with a display portion 713, an
external interface 715, operation buttons 714, and the like.
Further, a stylus 712 and the like for operation of the personal
digital assistant are provided. In the main body 711, the
integrated circuit in the above embodiment is provided. Thus,
apersonal digital assistant in which data is written and read at
high speed and power consumption is sufficiently reduced
can be obtained.

FIG. 10C illustrates an e-book reader 720 provided with
electronic paper. The e-book reader 720 includes two hous-
ings 721 and 723. The housing 721 and the housing 723
include a display portion 725 and a display portion 727,
respectively. The housings 721 and 723 are connected to each
other by a hinge 737 and can be opened or closed with the
hinge 737 used as an axis. The housing 721 is provided with
a power switch 731, operation keys 733, a speaker 735, and
the like. At least one of the housings 721 and 723 is provided
with the integrated circuit in the above embodiment. Thus, an
e-book reader in which data is written and read at high speed
and power consumption is sufficiently reduced can be
obtained.

FIG. 10D illustrates a cellular phone set, which includes
two housings 740 and 741. Further, the housing 740 and the
housing 741 which are developed as illustrated in FIG. 10D
can overlap with each other by sliding; thus, the size of the
cellular phone set can be decreased, which makes the cellular
phone set suitable for being carried. The housing 741 includes
adisplay panel 742, a speaker 743, a microphone 744, opera-
tion keys 745, a pointing device 746, a camera lens 747, an
external connection terminal 748, and the like. The housing
740 includes a solar cell 749 for storing electricity in the
cellular phone set, an external memory slot 750, and the like.
In addition, an antenna is incorporated in the housing 741. At
least one of the housings 740 and 741 is provided with the
integrated circuit in the above embodiment. Thus, a cellular
phone set in which data is written and read at high speed and
power consumption is sufficiently reduced can be obtained.
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FIG. 10E is a digital camera, which includes a main body
761, a display portion 767, an eyepiece 763, an operation
switch 764, a display portion 765, a battery 766, and the like.
In the main body 761, the integrated circuit in the above
embodiment is provided. Thus, a digital camera in which data
is written and read at high speed and power consumption is
sufficiently reduced can be obtained.

FIG. 10F is a television set 770, which includes a housing
771, a display portion 773, a stand 775, and the like. The
television set 770 can be operated with an operation switch of
the housing 771 or a remote control 780. The integrated
circuit in the above embodiment is mounted on the housing
771 and the remote control 780. Thus, a television set in
which data is written and read at high speed and power con-
sumption is sufficiently reduced can be obtained.

As described above, the semiconductor devices described
in this embodiment each include the integrated circuit accord-
ing to the above embodiment. Thus, semiconductor devices
with low power consumption can be obtained.

This application is based on Japanese Patent Application
serial No. 2010-270534 filed with Japan Patent Office on Dec.
3, 2010, the entire contents of which are hereby incorporated
by reference.

What is claimed is:

1. A semiconductor device comprising:

a first latch:

a second latch; and

a transistor comprising an oxide semiconductor in a semi-
conductor layer,

wherein an input of the first latch is electrically connected
to one of a source and a drain of the transistor,

wherein an output of the first latch is electrically connected
to an input of the second latch,

wherein an output of the second latch is electrically con-
nected to the other of the source or the drain of the
transistor.

2. The semiconductor device according to claim 1,

wherein the first latch comprises a first inverter circuit and
a NAND circuit,

wherein an input of the NAND circuit is electrically con-
nected to the input of the first latch and an output of the
first inverter circuit, and

wherein an output of the NAND circuit is electrically con-
nected to the output of the first latch and an input of the
first inverter circuit.

3. The semiconductor device according to claim 2,

wherein the second latch comprises a second inverter cir-
cuit and a third inverter circuit,

wherein an input of the second inverter circuit is electri-
cally connected to the input of the second latch and an
output of the third inverter circuit, and

wherein an output of the second inverter circuit is electri-
cally connected to the output of the second latch and an
input of the third inverter circuit.

4. The semiconductor device according to claim 1, further

comprising:

a capacitor comprising a first electrode and a second elec-
trode,

wherein one of the first electrode and the second electrode
is electrically connected to the one of the source and the
drain of the transistor.

5. The semiconductor device according to claim 1,

wherein the second latch is formed on a substrate,

wherein the substrate is a single crystal semiconductor
substrate of silicon, and

wherein the transistor is formed over the second latch.
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6. The semiconductor device according to claim 1,
wherein the second latch is formed on a substrate,
wherein the substrate is an SOI substrate, and

wherein the transistor is formed over the second latch.

7. The semiconductor device according to claim 1, wherein

the oxide semiconductor comprises In, Ga and Zn.

8. A semiconductor device comprising:

a first latch:

a second latch;

a transistor comprising an oxide semiconductor in a semi-
conductor layer; and

a selection circuit,

wherein an input of the first latch is electrically connected
to one of a source and a drain of the transistor,

wherein an output of the first latch is electrically connected
to an input of the selection circuit,

wherein an output of the selection circuit is electrically
connected to an input of the second latch,

wherein an output of the second latch is electrically con-
nected to the other of the source or the drain of the
transistor.

9. The semiconductor device according to claim 8,

wherein the first latch comprises a first inverter circuit and
a NAND circuit,

wherein an input of the NAND circuit is electrically con-
nected to the input of the first latch and an output of the
first inverter circuit, and

wherein an output of the NAND circuit is electrically con-
nected to the output of the first latch and an input of the
first inverter circuit.
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10. The semiconductor device according to claim 8,

wherein the second latch comprises a second inverter cir-
cuit and a third inverter circuit,

wherein an input of the second inverter circuit is electri-
cally connected to the input of the second latch and an
output of the third inverter circuit, and

wherein an output of the second inverter circuit is electri-
cally connected to the output of the second latch and an
input of the third inverter circuit.

11. The semiconductor device according to claim 8, further

comprising:

a capacitor comprising a first electrode and a second elec-
trode,

wherein one of the first electrode and the second electrode
is electrically connected to the one of the source and the
drain of the transistor.

12. The semiconductor device according to claim 8,

wherein the second latch is formed on a substrate,

wherein the substrate is a single crystal semiconductor
substrate of silicon, and

wherein the transistor is formed over the second latch.

13. The semiconductor device according to claim 8,

wherein the second latch is formed on a substrate,

wherein the substrate is an SOI substrate, and

wherein the transistor is formed over the second latch.

14. The semiconductor device according to claim 8,

wherein the oxide semiconductor comprises In, Ga and Zn.
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